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Abstract
Publication and related bias in quantitative health services and
delivery research: a multimethod study
Abimbola A Ayorindeo ,1 Iestyn Williamso ,2 Russell Manniono ,2
Fujian Songo ,3 Magdalena Skrybanto ,4 Richard J Lilfordo 4
and Yen-Fu Cheno 1*
1Division of Health Sciences, Warwick Medical School, University of Warwick, Coventry, UK
2Health Services Management Centre, School of Social Policy, University of Birmingham,
Birmingham, UK
3Norwich Medical School, University of East Anglia, Norwich, UK
4Institute of Applied Health Research, University of Birmingham, Birmingham, UK
*Corresponding author Y-F.Chen@warwick.ac.uk
Background: Bias in the publication and reporting of research findings (referred to as publication and
related bias here) poses a major threat in evidence synthesis and evidence-based decision-making.
Although this bias has been well documented in clinical research, little is known about its occurrence
and magnitude in health services and delivery research.
Objectives: To obtain empirical evidence on publication and related bias in quantitative health services
and delivery research; to examine current practice in detecting/mitigating this bias in health services
and delivery research systematic reviews; and to explore stakeholders’ perception and experiences
concerning such bias.
Methods: The project included five distinct but interrelated work packages. Work package 1 was
a systematic review of empirical and methodological studies. Work package 2 involved a survey
(meta-epidemiological study) of randomly selected systematic reviews of health services and delivery
research topics (n = 200) to evaluate current practice in the assessment of publication and outcome
reporting bias during evidence synthesis. Work package 3 included four case studies to explore the
applicability of statistical methods for detecting such bias in health services and delivery research.
In work package 4 we followed up four cohorts of health services and delivery research studies (total
n = 300) to ascertain their publication status, and examined whether publication status was associated
with statistical significance or perceived ‘positivity’ of study findings. Work package 5 involved key
informant interviews with diverse health services and delivery research stakeholders (n = 24), and a
focus group discussion with patient and service user representatives (n = 8).
Results: We identified only four studies that set out to investigate publication and related bias in
health services and delivery research in work package 1. Three of these studies focused on health
informatics research and one concerned health economics. All four studies reported evidence of the
existence of this bias, but had methodological weaknesses. We also identified three health services
and delivery research systematic reviews in which findings were compared between published and
grey/unpublished literature. These reviews found that the quality and volume of evidence and effect
estimates sometimes differed significantly between published and unpublished literature. Work
package 2 showed low prevalence of considering/assessing publication (43%) and outcome reporting
(17%) bias in health services and delivery research systematic reviews. The prevalence was lower
among reviews of associations than among reviews of interventions. The case studies in work package
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3 highlighted limitations in current methods for detecting these biases due to heterogeneity and
potential confounders. Follow-up of health services and delivery research cohorts in work package 4
showed positive association between publication status and having statistically significant or positive
findings. Diverse views concerning publication and related bias and insights into how features of health
services and delivery research might influence its occurrence were uncovered through the interviews
with health services and delivery research stakeholders and focus group discussion conducted in work
package 5.
Conclusions: This study provided prima facie evidence on publication and related bias in quantitative
health services and delivery research. This bias does appear to exist, but its prevalence and impact
may vary depending on study characteristics, such as study design, and motivation for conducting
the evaluation. Emphasis on methodological novelty and focus beyond summative assessments may
mitigate/lessen the risk of such bias in health services and delivery research. Methodological and
epistemological diversity in health services and delivery research and changing landscape in research
publication need to be considered when interpreting the evidence. Collection of further empirical
evidence and exploration of optimal health services and delivery research practice are required.
Study registration: This study is registered as PROSPERO CRD42016052333 and CRD42016052366.
Funding: This project was funded by the National Institute for Health Research (NIHR) Health Services
and Delivery Research programme and will be published in full in Health Services and Delivery Research;
Vol. 8, No. 33. See the NIHR Journals Library website for further project information.
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Funnel plot A graphical display of some measure of study precision plotted against effect size that can
be used to investigate whether or not there is a link between study size and treatment effect. One
possible cause of an observed association is reporting bias (including publication bias). Reproduced
with permission from Cochrane Community. (URL: https://community.cochrane.org/glossary; accessed
2 January 2020.)
Grey literature Literature that is not formally published as academic journal articles and/or indexed in
major bibliographic databases. Reports produced by governmental or non-governmental organisations
(in print or online), discussion papers, theses and dissertations, and conference abstracts are all
considered as grey literature in this report.
Heterogeneity (1) Used in a general sense to describe the variation in, or diversity of, participants,
interventions and measurement of outcomes across a set of studies, or the variation in internal validity of
those studies. (2) Used specifically as statistical heterogeneity, to describe the degree of variation in the
effect estimates from a set of studies; also used to indicate the presence of variability among studies
beyond the amount expected due solely to the play of chance. Reproduced with permission from Cochrane
Community. (URL: https://community.cochrane.org/glossary; accessed 2 January 2020.)
I2 A measure used to quantify heterogeneity. It describes the percentage of the variability in effect
estimates that is due to heterogeneity rather than sampling error (chance). A value > 50% may be
considered to represent substantial heterogeneity. Reproduced with permission from Cochrane
Community. (URL: https://community.cochrane.org/glossary; accessed 2 January 2020.)
Meta-regression A technique used to explore the relationship between study characteristics
(e.g. concealment of allocation, baseline risk, timing of the intervention) and study results (the
magnitude of effect observed in each study) in a systematic review. Reproduced with permission
from Cochrane Community. (URL: https://community.cochrane.org/glossary; accessed 2 January 2020.)
Winner’s curse A phenomenon by which authors need to report more extreme results in order to
have their studies published in high-impact academic journals, as a result of the alleged preference for
selecting and publishing studies with more spectacular findings by these journals.
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This project investigates publication and related bias in health services and delivery research.
Publication bias occurs when not all research evidence is made available. There are different ways
publication bias can happen:
l studies with only ‘positive’ results are published
l researchers use different methods to analyse the same data until they get a ‘significant’ or
‘positive’ result
l researchers ‘cherry pick’ findings, reporting only those that are most ‘interesting’ or likely to
get published.
In research affecting treatments for patients, issues of publication bias are well known and attempts
have been made to ensure that all research evidence is made available. Less is known about
publication bias in health services and delivery research, which explores how health services are
designed and delivered. If there is publication bias in health services and delivery research, researchers
might do research that has already previously been done and decision-makers may not have all the
information available to make the best decisions.
What we did
We used various methods to explore publication bias in health services and delivery research,
including:
l A systematic review of published evidence on publication bias in health services and delivery
research to identify if anyone had looked at this issue before.
l Examination of 200 systematic reviews of evidence in health services and delivery research to see if
researchers took any steps to detect publication bias.
l Four in-depth case studies of health services and delivery research systematic reviews in which we
highlighted issues in applying existing methods to detect publication bias.
l Analysis of 300 health services and delivery research projects to see which ones were published
and which were not.
l Interviews with journal editors, researchers and members of the public about publication bias.
What we found
l Publication bias in health services and delivery research had not been addressed previously.
l Most systematic reviews in health services and delivery research do not include a process for
detecting publication bias.
l Studies with ‘positive’ findings are about three times more likely to be published.
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Publication bias occurs when the publication or non-publication of research findings depends on
the direction or strength of the outcomes. Other related biases, such as p-hacking and outcome
reporting bias, can also occur at stages between the analysis of data and publication of research
findings. Although these biases, collectively termed here ‘publication and related bias’, have been
widely documented in clinical research, little is known about the existence and magnitude of the
bias in health services and delivery research, defined as ‘research that produces evidence on the
quality, accessibility and organisation of health services’. In this project we aimed to collect prima
facie evidence on publication and related bias in health services and delivery research through a
systematic review of pertinent literature and use of quantitative and qualitative methods to examine
the existence and potential impact of the bias, to assess current methods and practice in relation to
detecting and mitigating the bias in health services and delivery research systematic reviews, and
to explore the perceptions and experiences concerning the bias among health services and delivery
research stakeholders.
Objectives
This study had five work packages, each with a corresponding objective.
Work package 1
l To undertake a systematic review of empirical and methodological studies concerning the
occurrence, potential impact and/or methodology related to publication and related bias in health
services and delivery research.
Work package 2
l To carry out a survey (meta-epidemiological study) of systematic reviews of intervention and
association studies in health services and delivery research, to examine current practice and
challenges in assessing publication bias during evidence synthesis.
Work package 3
l To conduct in-depth case studies to evaluate the applicability of different methods for detecting and
mitigating publication bias in health services and delivery research.
Work package 4
l To retrospectively follow up the publication status of cohorts of health services and delivery
research studies to directly observe publication bias.
Work package 5
l To conduct semistructured interviews with key health services and delivery research stakeholders
and a focus group discussion with patient representatives to explore their perceptions and
experiences concerning publication and related bias.
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We searched MEDLINE, EMBASE, Health Management Information Consortium, Cumulative Index to
Nursing and Allied Health Literature, Web of Science™ (Clarivate Analytics, Philadelphia, PA, USA),
Health Systems Evidence, Cochrane Effective Practice and Organisation of Care Review Group, and
websites of key organisations linked to health services and delivery research. Initial searches were
conducted in March 2017 and updated in July/August 2018. Subject experts were consulted to identify
any additional studies. We included methodological studies that set out to investigate publication and
related biases in health services and delivery research and systematic reviews of health services and
delivery research topics that examined such bias as part of the review process. Information on study
design, methods of investigating publication bias, key findings, limitations and conclusions reported by
the authors was extracted from eligible studies. Citation screening was conducted independently by
two reviewers. Data extraction was conducted by one reviewer and checked by another. Data were
synthesised narratively.
The protocol of this systematic review was registered with PROSPERO, registration
number CRD42016052333.
Work package 2
A stratified random sample of 200 systematic reviews of quantitative health services and delivery
research published in English from 2007 to 2017 was selected from the Health Systems Evidence
database. Half (n = 100) of the selected reviews (intervention reviews) concerned interventions to
improve the effectiveness and efficiency of service delivery, for example by synthesising comparative
studies. The other half (association reviews) evaluated associations between structure, process and
outcome variables along the service delivery causal chain, mostly by synthesising observational studies.
We extracted data on the number of studies included in the systematic reviews; the inclusion of
meta-analyses and whether or not the use of systematic review guidelines was reported; mention and
assessment of publication bias or outcome reporting bias; and methods for detecting or mitigating the
biases and/or reasons for no assessment. Journals were classified into those that did or did not formally
endorse specific systematic review guidelines, such as Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, and journal impact factors were obtained. Three measures related to the
awareness and actual practice of assessing publication and outcome reporting biases were evaluated:
(1) mentioned publication bias (regardless of whether or not it was formally assessed), (2) (formally)
assessed publication bias and (3) assessed outcome reporting bias. Factors associated with the three
aforementioned outcome measures were explored using univariable and multivariable logistic regression.
The associations were presented as odds ratios with 95% confidence intervals.
The protocol of this methodological overview of systematic reviews was registered with PROSPERO,
registration number CRD42016052366.
Work package 3
We purposively sampled four systematic reviews in health services and delivery research for detailed
case studies, and examined the applicability of existing methods for assessing publication and related
bias. We targeted systematic reviews of various sizes, but with sufficient number of included studies
(≥ 10 to allow statistical analysis, such as funnel plots and regression tests) and covering major issues
likely to be encountered during evidence synthesis of health services and delivery research. We also
aimed for cases that are of general interest for health services and delivery research stakeholders.
The four cases identified were:
1. case study 1 – the association between weekend and weekday admissions and hospital mortality
2. case study 2 – the association between organisational culture and climate and nurses’ job satisfaction
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3. case study 3 – the effectiveness of computerised physician order entry systems on medication
errors and adverse events
4. case study 4 – the effectiveness of standardised hand-off protocols on information relay, patient,
provider and organisational outcomes.
For each case study, we examined the methods and findings related to publication bias and related bias
presented by the original authors and highlighted issues particularly relevant to health services and
delivery research. We obtained detailed numerical data for one of the case studies and applied five
statistical techniques commonly used for the assessment of publication and related bias: funnel plots,
Egger’s regression test, the Begg and Mazumdar’s rank correlation test, trim and fill and meta-regression.
We also explored p-curve for detecting possible p-hacking. The findings were presented, with detailed
evaluations of potential issues that could influence the validity of these statistical methods and the
interpretation of their findings.
Work package 4
We selected four cohorts of health services and delivery research studies with a quantitative
component from prospective registries (inception cohorts) and conference abstracts
(conference cohorts):
1. Health Services Research Projects in Progress cohort – selected projects completed in 2012 from
Health Services Research Projects in Progress, which is a US-based, publicly accessible prospective
registry of health services and public health research (n = 100).
2. National Institute for Health Research cohort – selected projects completed between 2007 and
2014 from a database of projects funded by the UK National Institute for Health Research’s Health
Services and Delivery Research programme and its predecessors (n = 100).
3. International Society for Quality in Healthcare cohort: selected from abstracts of the International
Society for Quality in Healthcare 2012 conference (n = 50).
4. Health Services Research UK cohort: selected from Health Services Research UK conference,
2012–14 (n = 50).
We classified each study into association or intervention studies and their source of data (routinely
collected data/survey vs. bespoke data collection). For intervention studies, we also classified study design
features, including with/without a concurrent control and whether or not the study was a randomised
controlled trial. The publication status for each study was verified online and by contacting researchers.
Status of publication was categorised as published (in academic journals), grey literature (available online
in a form other than academic journals) or unpublished. Study findings were classified according to
statistical significance, with a p-value ≤ 0.05 considered statistically significant. For sensitivity analysis,
study findings were also classified into ‘positive’ or ‘non-positive’ based on the comments of the original
authors. Univariable and multivariable logistic regression were conducted to investigate associations
(expressed as odds ratios) between publication status, study features, and statistical significance and
positivity of findings. Study selection, data extraction and verification of publication status were
conducted by one reviewer and checked by a second reviewer.
Work package 5
Twenty-four in-depth telephone interviews were conducted with key informants in the field of health
services research. The sample covered a wide range of stakeholders, including researchers of various
seniority, editors, funders, service managers, and clinicians. In order to explore the issues from a
patient and service user perspective, we conducted a focus group with eight patient and service user
representatives. Records of interviews and focus group discussion were transcribed and thematic
coding was conducted using the qualitative coding software NVivo version 11 (QSR International,
Warrington, UK).
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After screening a total of 7483 citations, four methodological studies of publication and related bias,
three systematic reviews of substantive health services and delivery research topics that made
comparisons between published and grey/unpublished literature, and 181 additional systematic reviews
that reported assessment of publication and outcome reporting bias as part of the review process,
were included. Three of the four methodological studies examined the existence of publication bias in
health informatics research, whereas the remaining study examined p-hacking and reporting bias in
health economics. All four studies reported evidence suggesting the existence of publication bias, but
all had methodological weaknesses. The three systematic reviews comparing published and grey and
unpublished literature showed significant differences between them in some, but not all, cases. The
remaining 181 systematic reviews used predominantly statistical methods for detecting small study
effects and, therefore, provided only indirect evidence on publication bias. Approximately half of these
reported evidence of small study effects.
Work package 2
We found that 43% (85/200) of the sampled systematic reviews mentioned (including assessed)
publication bias, and this was more common in intervention reviews (54%) than in association reviews
(31%). However, only about 10% (19/200) formally assessed publication bias through statistical analysis,
mostly using funnel plots and related methods. Outcome reporting bias was discussed and assessed in
34 (17%) systematic reviews, and this was much more frequent in intervention reviews (30%) than in
association reviews (4%). All reviews that mentioned outcome reporting bias assessed it as part of the
quality assessment of included studies (mostly using the Cochrane’s risk-of-bias tool). Insufficient
number of studies, heterogeneity and lack of pre-registered protocols were the commonly reported
impediments in assessing publication and outcome reporting bias.
Among the review features examined, only the inclusion of meta-analysis was statistically associated
with mentioning and assessing publication bias in the multivariable analysis (odds ratio 4.02, 95%
confidence interval 1.76 to 9.15). Use of the Grading of Recommendations, Assessment, Development
and Evaluations guideline and being an intervention review were significantly associated with assessing
outcome reporting bias in the multivariable analysis.
Work package 3
Across the four chosen case studies, which included two systematic reviews of association studies and
two reviews of intervention studies, between-study heterogeneity stood out as a major issue in the
applicability of statistical methods for assessing publication bias and interpretation of findings from
them. Several alternative explanations (in addition to publication bias) existed among selected cases
in which such effects were found. The direction of small study effects and the notion of individual
studies being random samples drawn from the target population may need to be carefully assessed in
systematic reviews of observational studies based on data collected from administrative databases
covering the whole population.
Work package 4
Across the four cohorts of health services and delivery research studies, 62% (186/300) were published in
academic journals (inception cohorts 70%, conference cohorts 47%). Findings for 20% of the 300 studies
were available only as grey literature and 18% were unpublished. Publication in academic journals ranged
from 75% in the Health Services Research Projects in Progress cohort to 26% in the International Society
for Quality in Health Care cohort. Findings for all studies funded by the National Institute for Health
Research, which mandated publication of study findings, were available either in academic journals or as
technical reports, whereas non-publication was 68% for the International Society for Quality in Health
Care cohort, in which many of the authors appeared to be affiliated with clinical rather than academic
institutions. The majority of the studies reported some statistically significant findings (79%) and were
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considered to be positive (79%). In multivariable analyses, being a study from the International Society
for Quality in Health Care cohort or the National Institute for Health Research cohort (compared with
the Health Services Research Projects in Progress cohort) was associated with significantly lower odds
of publication in academic journals, whereas positive study findings were associated with significantly
higher odds. Studies from conference cohorts were also associated with significantly higher risk of
non-publication (i.e. published neither in journals nor as grey literature). Statistically significant and
positive findings were associated with significantly lower odds of non-publication.
Work package 5
Interviews with health services and delivery research stakeholders revealed a wide range of perceptions
concerning publication and related bias in health services and delivery research, although most of
the interviewees were unable to state with certainty how significant the problem of publication bias
was in health services and delivery research. Some claimed it was ‘rampant’, whereas others believed
that strength of results was secondary to other potential sources of ‘novelty’ in shaping publication
outcomes in health services and delivery research. Some interviewees reported that null results were
likely to be submitted for publication in lower impact journals or not submitted at all. Pre-registration
of study protocols was supported by many as a way of alleviating publication bias, but a significant
minority were concerned that this may create unnecessary constraints. Interviewed stakeholders also
proposed other measures, such as development of repositories of null findings and training, to raise
awareness of publication bias. The perceived impact of publication bias was attenuated by the often
weak relationship between health services and delivery research and health service decision-making.
In the focus group involving patient and service user representatives, additional issues were raised,
such as the ethical implications associated with research waste, particularly in relation to research
participation and allocation of scarce health resources.
Conclusion
This project collected prima facie evidence of publication and related bias in health services and delivery
research.We found a small number of studies suggesting the existence of the bias in this field. Our
examination of 200 published health services and delivery research systematic reviews showed that
documentation of awareness of publication and outcome reporting bias, and formal assessment of the
bias, were low, particularly among reviews of association studies. Adherence to existing systematic review
guidelines, which include items relating to publication and outcome reporting bias, could increase the
practice of assessing the bias. Our case studies illustrated challenges and caveats in using statistical
methods for detecting publication and related bias in health services and delivery research due to
between-study heterogeneity, and potential confounding of the association between study size and
effect size by many other factors. Follow-up of 300 health services and delivery research studies from
four cohorts showed a wide range of rates of publication in academic journals and of non-publication,
possibly influenced by funder’s publication policy and motivation of researchers. Evidence of publication
bias was found in analyses adjusting for key study features. Key informant interviews revealed diverse
perceptions, but also substantial uncertainty towards the scale and impact of these bias among health
services and delivery research stakeholders. The bias was perceived to be modified by various factors,
which may differ between subfields of health services and delivery research. Emphasis on methodological
novelty and focus beyond summative assessments were thought to mitigate the risk of publication bias.
There was general support for pre-registration health services and delivery research protocols, but also
some reservations concerning unwarranted restrictions. Methodological and epistemological diversity
in health services and delivery research and the changing landscape of research publication need to be
taken into account when interpreting the above findings. Future studies collecting direct evidence using
health services and delivery research cohorts and exploration of optimal health services and delivery
research practice for minimising the bias are warranted.
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Study registration
This study is registered as PROSPERO CRD42016052333 and CRD42016052366.
Funding
This project was funded by the National Institute for Health Research (NIHR) Health Services and
Delivery Research programme and will be published in full in Health Services and Delivery Research;
Vol. 8, No. 33. See the NIHR Journals Library website for further project information.
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Chapter 1 Background
Publication and related bias
Publication bias refers to the phenomenon by which research findings that are statistically significant
and/or are perceived to be interesting or favourable are more likely to be published than those that
are not statistically significant or perceived to be interesting. Publication bias occurs at study level
(i.e. when a study is not published at all owing to the nature of its findings). Similar bias may manifest
at outcome level (i.e. a study may have evaluated several outcomes, but only the findings related to
a subset of the outcomes that are statistically significant or judged to be worth noting are reported
in its publication). This is termed ‘outcome reporting bias’.1 Bias can also occur when researchers carry
out analyses of data collected from research. For example, multiple analyses may be performed using
different techniques or different subsets of the data until statistically significant results are obtained,
which are then published. This is referred to as ‘data dredging’ or ‘p-hacking’.2,3 These biases are a
major threat to evidence-based decision-making, as they distort the full picture of the ‘true’ evidence
gathered from research and may lead to misinformed decisions. Here we use the term ‘publication
and related bias’ to refer to these biases collectively (Figure 1). Further bias may occur following
the publication of research findings, such as citation bias and media attention bias, which alongside
publication and related bias are collectively known as dissemination bias.4 For the present study, we








































































































































































































FIGURE 1 Various forms of bias in the process of research publication. See Glossary for the definition of ‘winner’s curse’.
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that occur following publication can largely be overcome through systematic literature search, which is
becoming a standard practice when evidence is synthesised to support decision-making.
A large body of literature has demonstrated the existence of publication and related bias in clinical
research.1,4,5 In particular, several high-profile cases highlighting the non-publication and/or under-
reporting of unfavourable results from clinical trials of new pharmaceuticals have raised ethical
concerns over publication bias and have highlighted the potential harm it may cause to patients.6–8
These concerns have led to mandatory clinical trial registration9,10 and, more recently, mandatory
reporting of findings of registered trials.11 By contrast, health services and delivery research (HSDR)
has not been subject to similar levels of regulation and scrutiny, and the issue of publication bias
appears to be largely ignored. Our preliminary scoping of the health services research literature found
only a small number studies addressing this topic, which suggests the possible existence of publication
bias.12–15 The paucity of documented evidence was affirmed in our discussions with some leading
experts in health services research.
The lack of published literature on publication and related bias in HSDR compared with clinical
research is surprising, given that publication bias has also been documented in many other scientific
disciplines, such as social science,16 management research17 and ecology.18 As there is no obvious
reason to believe that HSDR is immune to publication and related bias, and such bias could have
substantial implications for health service decisions relying on HSDR, we set out to explore the
existence and extent of publication and related bias in this field in order to inform best practice in the
reporting and synthesis of evidence from HSDR.
Aims and objectives
The primary aims of this study were to gather prima facie evidence of the existence and potential impact
of publication and related bias in HSDR, to examine current practice in systematic reviews of HSDR
literature, and to explore common methods in relation to the detection and mitigation of the bias.
The above aims were to be achieved through five distinct but inter-related work packages (WPs), each
with a specific objective:
WP 1 – a systematic review of empirical and methodological studies concerning the occurrence,
potential impact and/or methodology related to publication bias in HSDR, to provide a summary of
what is known from current literature.
WP 2 – an overview of systematic reviews of intervention and association studies in HSDR,
to describe current practice and potential challenges in assessing publication bias during
evidence synthesis.
WP 3 – in-depth case studies to evaluate the applicability of different methods for detecting and
mitigating publication bias in HSDR and to provide guidance for future research and practice.
WP 4 – a retrospective study to follow up the publication status of cohorts of HSDR studies to
directly observe publication bias in HSDR.
WP 5 – semistructured interviews with health services researchers and commissioners, journal
editors and service managers, and a focus group discussion with patient representatives to explore
their perception and experience related to publication bias.
These WPs complemented each other to provide a full picture of both empirical evidence and current
practices related to publication bias in HSDR (Figure 2). Detailed methods for the WPs are described in
the next chapter.
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Structure of the report
The rest of this report is organised as follows: Chapter 2 details the scope and methods of each of the
five WPs described above. Chapters 3–7 present the findings from each of theWPs. Chapter 8 includes
discussions of specific issues related to methods and findings of individual WPs, and provides some
discourse of findings across the WPs and wider issues related to use of evidence to inform decision-making
in health services. The chapter concludes with issues worth considering by different stakeholders of HSDR
in relation to publication and related bias, and recommendations for future research.
WP 1
Systematic review of empirical and methodological studies
on publication and related bias in HSDR
Direct evidence of publication and
related bias in HSDR
WP 5
 Semistructured interviews and a focus group
with HSDR stakeholders on perceptions and
experience of publication and related bias
WP 2 
Overview of current practice and findings
related to publication and related bias in
systematic reviews of intervention and
association studies in HSDR
WP 3
Case studies to explore the applicability of
methods for detecting and mitigating
publication and related bias in HSDR
WP 4
Retrospective follow-up of the publication
status of cohorts of HSDR studies from the
NHIR HSDR project portfolio, HSRProj
database and HSDR-related conferences
Indirect evidence of publication and related 
bias in HSDR and methodology for
detecting and mitigating this bias
FIGURE 2 Overview of the five complementary WPs included in this study. HSRProj, Health Services Research Projects
in Progress; NIHR, National Institute for Health Research.
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Chapter 2 Overview of methods
Scope
The subject area of HSDR is very broad. In order to draw a boundary that allowed a focused
investigation, we used the definition adopted by the National Institute for Health Research (NIHR) and
defined HSDR as ‘research that produces evidence on the quality, accessibility and organisation of
health services’. In addition, we targeted two types of quantitative studies: (1) intervention studies,
which were carried out to evaluate interventions to improve and optimise the effectiveness and/or
efficiency of the delivery of health services; and (2) association studies, which were carried out to
evaluate associations between different variables along the service delivery causal chain.19 A large
number of variables can be covered in association studies in HSDR. These include structure variables
(e.g. characteristics of a hospital, nurse–patient ratio); generic processes (e.g. continuous professional
development, institutional human resource policy); intervening variables (e.g. safety culture, staff
knowledge and morale, etc., that could be influenced by structure and generic processes and then
impact on many downstream processes);19 targeted processes (e.g. door-to-balloon time for treating
myocardial infarction, adherence to guidelines for management of patients with diabetes); and health
service utilisation, patient, carer or health care provider outcomes and context (e.g. weekdays vs. weekends,
low- and middle-income countries vs. high-income countries). We recognised that intervention studies
cannot be completely separated from association studies, as the former is a special case of the latter.
Nevertheless, such classification reflected how research questions are often asked in HSDR (e.g. whether
or not an intervention works vs. whether or not certain factors affect one another or influence outcomes
in the health system). We hypothesised that association studies may be more vulnerable to selective
publication and reporting than intervention studies, as a causal relationship is assumed between an
intervention and outcomes, whereas relationships between different factors examined in association
studies are exploratory and not necessarily causal. In addition, evaluation of interventions may be
more likely to be specifically funded with a mandate from the funder to disseminate results, whereas
association studies may be carried out without specific funding and related incentive for publication.
The criteria for selecting intervention and association studies were applied in conjunction with the
definition of HSDR described in the previous paragraph. Eligible studies may focus on any aspects of
health systems and health policy, health-care organisations, people who organise and deliver the health
services, and users and carers of the services, as well as related processes, outcomes and contextual
factors. Studies concerning clinical research and health technology assessment (i.e. those focusing on
interventions applied directly to individual patients), disease epidemiology and genetic associations
have previously been examined in detail4 and, therefore, were not included in this study. We were
aware of potential grey areas in which the boundary between HSDR and non-HSDR studies may be
vague. These were dealt with by consulting members of the Project Management Group and Study
Steering Committee.
A wide variety of research designs, including quantitative, qualitative and mixed-methods research,
have been used in HSDR.20,21 This study focused on quantitative research and mixed-methods research
that incorporated an element of quantitative estimation of intervention effects or association, although
we acknowledged that qualitative research can also be subject to publication bias.22 As the mechanisms
and manifestation of publication bias for qualitative research are likely to be different, and methods for
evaluating its occurrence and impact are not well developed, we felt that issues related to qualitative
research were beyond the scope of the study and warranted a separate investigation.23
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Methods for assessing publication and related bias
Many methods have been developed in order to detect publication and related bias and estimate
and/or mitigate its potential impact.4,24,25 Methods used to detect publication bias can be broadly
classified as either making indirect inference or employing direct observation.
Several statistical methods, such as funnel plots and related regression tests, can suggest that publication
and related bias may be present during the synthesis of evidence across many studies.24,25 However, these
widely used methods allow only indirect inference, as they rely on the identification of specific patterns in
the findings across studies that are suggestive of publication bias, but cannot rule out alternative causes.26
As a result, evidence on publication and related bias obtained using these methods is generally weak and
could be misleading if assumptions underlying these methods do not hold.
Direct evidence on publication and related bias can be obtained in two ways:
1. Identifying a cohort of studies (usually through a registry) and then following these up over time to
determine whether or not they are published; this is sometimes described as an inception cohort
study and is often undertaken retrospectively given the length of time between the inception of a
research and publication of its findings (if published).
2. Consulting stakeholders who are involved in generating and/or disseminating research evidence
through surveys or interviews to find out their experience.
These methods of direct observation are labour intensive, but may provide the strongest evidence on
the presence (or absence) of publication and related bias. A major challenge in HSDR lies with the
difficulty in identifying study cohorts owing to the lack of registries.
Among the five WPs included in this study, WP 1 systematically reviewed previous studies that set out
to investigate publication and related bias in any substantive areas of HSDR, using either direct or
indirect methods. WP 2 examined a random sample of systematic reviews of HSDR topics with regard
to their practice in assessing publication and related bias. WP 3 explored issues surrounding commonly
used methods for detecting publication and related bias in more depth using case studies. WP 4
identified four cohorts of HSDR studies from various sources and followed them up to check their
publication status and to explore if this was associated with the direction or strength of study findings.
WP 5 gathered perceptions and experiences of HSDR stakeholders on this issue through interviews
and a focus group discussion. The methods for each WP are described in detail below.
Work package 1: a systematic review of empirical evidence on publication
bias in HSDR
Protocol registration
The protocol of this systematic review was registered with PROSPERO, registration number
CRD42016052333.
Search strategy
The diverse research disciplines, subject areas and terminologies related to HSDR pose a challenge for
searching relevant literature.27 We used a combination of different information sources and search
methods to ensure that our coverage of literature was as comprehensive as possible and was inclusive
of disciplines closely related to HSDR. These included searches of general and HSDR-specific electronic
databases, citation search of key papers (snowballing), search of the internet and contact with experts.
OVERVIEW OF METHODS
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Electronic database searches
We searched general databases, including MEDLINE, EMBASE, Health Management Information
Consortium, Cumulative Index to Nursing and Allied Health Literature (CINAHL) and Web of Science™
(Clarivate Analytics, Philadelphia, PA, USA) (which includes Social Science Citation Index), using
indexed terms and text words related to HSDR (defined broadly) and publication and related bias.
We also searched HSDR-specific databases, including Health Systems Evidence and systematic reviews
published by the Cochrane Effective Practice and Organisation of Care review group. Searches were
undertaken in March 2017 and were updated in July/August 2018. The search terms for MEDLINE and
EMBASE can be found in Appendix 1.
Forward and backward citation search (commonly known as ‘snowballing’)
Reference lists of all studies that met the inclusion criteria for this review (see Inclusion criteria) were
examined. Google Scholar was used to locate other potentially relevant studies by examining articles
subsequently published that have cited the included studies.
Internet searches
The importance of grey literature in health services research has been highlighted in a report funded
by the US National Library of Medicine.28 In order to locate grey literature, we searched websites of
key organisations linked to HSDR, such as The Health Foundation, The King’s Fund, the Institute for
Health Improvement, the Agency for Healthcare Research and Quality and the RAND Corporation.
In addition, we searched the NIHR HSDR programme’s website and the US Health Services Research
Projects in Progress (HSRProj)’s database for details of previously commissioned and ongoing studies.
Consultation with experts
We presented a draft study plan in a meeting associated with the Collaboration for Leadership in
Applied Health Research and Care West Midlands, which was attended by international experts in
HSDR. Members of the Study Steering Committees were consulted to identify any additional studies
that may not have been captured by other means.
Study screening and selection
Records retrieved from electronic databases and subsequently obtained from other sources were
imported into EndNote X9 (Clarivate Analytics) to facilitate identification and removal of duplicates.
Titles and abstracts of de-duplicated records were screened to exclude clearly irrelevant records.
Full-text publications were retrieved for the remaining records, and inclusion and exclusion decisions
were made independently by two reviewers for each study based on the selection criteria described
in the next paragraph. Screening of all records was conducted independently by two reviewers
and any disagreements were resolved by discussion or through consultation with the wider
research team.
Inclusion criteria
Studies of all designs that set out to examine any forms of publication and related bias in any fields
of HSDR within the scope of this project were included. Specifically, a study needed to meet the
following criteria:
l have investigated data dredging/p-hacking, selective outcome reporting or publication bias,
or evaluated methods for detecting these forms of bias
l have provided empirical, quantitative or qualitative evidence (i.e. not just commentaries or opinions)
l be concerned with HSDR-related topics.
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Data extraction and risk-of-bias assessment
The following information were extracted from each included studies:
l citation details
l methods of selecting study sample and characteristics of the sample
l methods for investigating publication bias
l key findings, limitations and conclusions reported by the authors.
We were not aware of the availability of any suitable tools for assessing the risk of bias of the included
studies, which adopted diverse methods. We therefore critically appraised individual studies based on
epidemiological principles, such as representativeness of study sample, potential bias in the sampling
and data collection processes, and issues related to confounding. Included studies were read by at
least two authors. Key methodological weaknesses of each study were recorded and summarised.
We expected that there will not be sufficiently large number of studies with comparable measures
for conducting tests for small study effects and publication bias. However, we searched extensively
for grey and unpublished literature.
Data synthesis and reporting
Study characteristics, methods and findings were tabulated and narrative summaries compiled.
As anticipated at the beginning of the study, data were insufficient for quantitative synthesis.
Work package 2: overview of current practice and findings associated with
publication and related bias in systematic reviews of intervention and
association studies in HSDR
Systematic reviews have emerged in various fields, including HSDR, as a key tool for summarising the
rapidly expanding evidence base in a way that maximises the completeness, while minimising potential
bias in their coverage of relevant evidence. Steps to identify and reduce various types of bias are built
into the process of a systematic review. The following steps are particularly relevant for publication
and related bias:
l comprehensive search of literature, including attempts to locate unpublished studies
l assessment of outcome reporting bias of included studies
l assessment of potential publication bias using funnel plots, related regression methods or
other techniques.
This WP examined a random sample of 200 HSDR systematic reviews and inspected each review with
regard to whether or not the above measures for minimising and detecting publication and related bias
were considered and/or performed. Data were also collected on the methods used and findings from
the assessment of publication and related bias. We focused on systematic reviews covering two main
types of quantitative study: intervention studies and association studies (see Scope). We explored
whether or not the practice of assessing publication and related bias differed between these two types
of studies, and whether or not this was associated with various characteristics of the review and the
journal in which it was published.
Protocol registration
The protocol for this methodological overview of systematic reviews (meta-epidemiological study) was
registered with PROSPERO (registration number CRD42016052366).
Search and sampling strategies
Health services and delivery research systematic reviews examined in this WP were obtained from
Health Systems Evidence,29 a database that focuses on evidence related to health systems and services
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research, and has a comprehensive coverage of systematic reviews, economic evaluations and policy
documents related to HSDR. The database is continuously updated and covers several bibliographic
databases, including MEDLINE and the Cochrane Database of Systematic Reviews, as its sources.30
We downloaded (with permission from the database owner) records for all systematic reviews that
were classified as ‘systematic reviews of effects’ (n = 4416) and ‘systematic reviews addressing other
questions’ (n = 1505) in May 2017, and then assigned a random number to each record. We screened
each record against our inclusion criteria, described in the next paragraph, in ascending order based
on the assigned random number until the targeted number of reviews (100 each for intervention
and association reviews) was reached. On the basis of a baseline rate of 32% for formally assessing or
providing partial information with regard to publication bias reported in a previous meta-epidemiological
study31 of systematic reviews published by the Cochrane Effective Practice and Organisation of Care
review group, the sample size has 80% power to detect a 20% difference in the characteristics and
findings between the two types of reviews.
Inclusion/exclusion criteria
For this project, a systematic review was defined as a literature review with explicit statements with
regard to research question(s), a strategy for literature search and criteria for study selection. Review
articles that did not meet this definition were excluded.
A systematic review needed to fulfil the following requirements to be included:
l It focused on a topic related to HSDR, as defined for this project.
l It examined quantitative data concerning intervention effects or associations between
different factors.
l It reported at least one quantitative effect estimate or one result (p-value) of a statistical test. These
could be obtained from studies included in the review and it was not necessary for a review to have
carried out meta-analyses to be included.
Systematic reviews that investigated the clinical effectiveness and cost-effectiveness of clinical
interventions (i.e. those traditionally falling under the provenance of health technology assessment)
and those exploring the association between risk factors and disease conditions (i.e. those falling under
the provenance of clinical and genetic epidemiology) were excluded.
The eligibility check was carried out by one reviewer and checked by a second reviewer.
Disagreements were resolved through discussions between the reviewers. The Project Management
Group was also consulted when required.
Assessment of included systematic reviews
Included systematic reviews were examined with regard to the characteristics of the review, the
methods used to assess potential publication and related bias, and findings and/or any issues raised
concerning the assessment. The following data were extracted:
l Key study question(s) for which quantitative estimates were sought (e.g. associations or
intervention effects).
l Databases searched and whether or not an attempt was made to search grey literature and
unpublished reports, or reasons for not doing this.
l Types of studies included, in terms of study design (whether or not the review included only
controlled trials); whether or not a meta-analysis was carried out; and number of studies included in
the review (≥ 10 vs. < 10, the minimum number recommended for the use of funnel plots and
related methods for assessing publication bias).26
l Methods (if used at all) for detecting and/or mitigating potential publication bias (apart from
comprehensive search), for example funnel plots and related regression methods, trim and fill.
l Methods for assessing outcome reporting bias.
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l Findings of assessment of publication and outcome reporting biases, or reasons for not assessing these.
l Whether or not the review authors reported adherence to systematic review guidelines, such as
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)32 and Meta analysis
of Observational Studies in Epidemiology.33 All Cochrane reviews were considered to have adhered
to the Methodological Expectations of Cochrane Intervention Reviews standards,34 even if this was
not explicitly stated.
l Whether or not the review authors reported using Grading of Recommendations Assessment,
Development and Evaluation (GRADE) for assessing overall quality of evidence.35
In addition, we obtained the impact factor for the journal in which each review was published from the
ISI Web of Knowledge based on the records for year 2016, or from the journal’s website if the former
was not available. Each journal’s website was also searched to ascertain whether or not it explicitly
endorsed systematic review guidelines.
Data extraction was carried out by one reviewer and checked by another, with any discrepancies
resolved by discussion or by contacting authors for further information and clarification.
Data analysis
Descriptive statistics were compiled to summarise the characteristics of HSDR systematic reviews, the
practice of assessing publication and related bias among the reviews, and their findings. Exploratory
comparisons of review characteristics, practice and findings of assessing publication bias were made
between intervention and association reviews, using both univariable and multivariable logistic regression.
Work package 3: case studies to explore the applicability of methods for
detecting and dealing with publication and related bias
Several methods have been developed to facilitate the detection and potential adjustment of publication
and related bias. Among these, funnel plots and related regression methods are the most widely used
and have been adopted in many systematic reviews. The key assumption for these methods is that the
precision of a study (mainly determined by its sample size) is not correlated with the actual size of
the intervention effect or association being estimated and, hence, the results of smaller studies are
scattered more widely due to random variation, forming an inverse funnel shape when plotted against
precision. Asymmetry in a funnel plot would suggest possible publication bias. Figure 3 shows an example
of an asymmetrical funnel plot compiled (by authors of this report) using data from a published systematic
review of mortality risk associated with out-of-hours admissions in patients with myocardial infarction.36
Studies
p < 1%
1% < p < 5%
















– 2 – 1 0 1 2
Effect estimate
FIGURE 3 An example of an asymmetrical funnel plot.
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Although the assumption behind funnel plots and related regression methods holds for many clinical
interventions, this is not necessarily true in many HSDR studies. For example, early evaluation of a
quality improvement intervention in a small number of sites may observe a large intervention effect
due to the expertise and dedication of the personnel and thoroughness of implementation, which
may be difficult to maintain when the intervention is scaled up in a larger study. Alternatively, an
intervention that appears to be highly effective in early small-scale studies may have an apparently
diminished intervention effect by the time it is subject to a large-scale evaluation due to a system-wide
improvement triggered by the same social pressure that prompted the intervention.37 On the other
hand, the availability of data from large databases covering nearly the whole population may render
the influence of small studies negligible. These different types of heterogeneity arising from the
complexity of HSDR interventions and associations, and the context in which they are deployed and
observed, pose a potential threat for the validity of applying these conventional methods. In addition,
funnel plots and related regression methods require a sufficiently large number of studies (e.g. ≥ 10),
which may not be available for many topics in HSDR.
The WP 2 described above allowed us to obtain an overview of current practice of examining publication
and related bias in systematic reviews of HSDR, including a description of if and what methods have been
used. Nevertheless, when formal methods, such as funnel plots and related regression methods, have
been used, there remain potential issues concerning the validity and applicability of these methods.26,38
WP 3 aimed to address these issues through more detailed case studies. In addition, WP 3 offered an
opportunity to explore novel methods, such as the p-curve for identifying p-hacking (see Investigation of
p-hacking using p-curves), which could be very relevant for HSDR.
Selection of cases to be studied
Given that the purpose was to shed light on the applicability of existing methods to HSDR, we
purposively sampled five systematic reviews to ensure reasonable coverage of this diverse field.
The selection of cases was guided by the following considerations:
l The review included a sufficiently large number of studies (≥ 10) to meet the minimal requirement
for using funnel plots and regression methods.
l Covering reviews of various sizes in terms of number of studies included.
l Inclusion of both reviews that evaluate intervention effectiveness and those investigating associations.
l Coverage of major issues and scenarios likely to be encountered during evidence synthesis of HSDR.
l The topics were of general interest for health services researchers, practitioners and the
general public.
We had to drop one of the sampled case studies due to practical considerations (see Deviations from
the original protocol). The following four topics were subsequently chosen in consultation with the Study
Steering Committee, taking into account the above criteria, possible saturation of issues and scenarios
covered, and practicality within the project timeline:
1. case study 1– the association between weekend and weekday admissions and hospital mortality
2. case study 2 – the association between organisational culture and climate and nurses’ job
satisfaction
3. case study 3 – the effectiveness of computerised physician order entry systems on medication
errors and adverse events
4. case study 4 – the effectiveness of standardised hand-off protocols on information relay, patient,
provider and organisational outcomes.
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Three of the cases (case studies 2–4) were identified through WPs 1 and 2, and one case (case study 1)
was built on a systematic review associated with another NIHR HSDR programme-funded project that
we have been involved in.
Data collection and presentation
For each systematic review selected as a case study, we extracted information on the methods and
findings related to publication bias from the original articles. The information was presented in a
structured format, with commentary on the methods and findings related to publication bias provided,
to highlight any issues particularly relevant to HSDR. In addition, we utilised detailed numerical data
from a systematic review of association studies on the weekend effect available to the principal
investigator of this project to carry out further analyses for case study 1, in which we explored
commonly used methods for detecting publication bias, as described in the next paragraph.
A large number of tools have been developed to facilitate the assessment of risk and potential impact
of publication and related biases.25,39 We chose five of the techniques that are widely used and
relatively easy to implement, and tested their applicability in case study 1: (1) funnel plots, (2) Egger’s
regression test, (3) Begg and Mazumdar’s rank correlation test, (4) trim and fill and (5) meta-regression.24
In addition, given the theoretical risk of p-hacking in analyses without predefined protocols, which
may not be rare in HSDR, we also tried a relatively new technique of p-curves to explore its potential
utility for detecting this practice.2 Findings from the application of these statistical techniques were
presented with detailed critiques, highlighting potential issues that could impact on the validity of these
methods and the interpretation of their findings.
Funnel plots and related methods
We constructed a funnel plot for the primary meta-analysis of case study 1. Funnel plot asymmetry
was assessed by Egger’s regression40 and the Begg and Mazumdar’s rank correlation test,41 and
by visual inspection given the relatively low level of statistical power of the tests. In the Egger’s
regression test, the effect size is regressed against its precision (inverse variance). In the absence
of asymmetry, the regression line would pass through the origin (with an intercept equalling zero).
A significant deviation of the intercept from zero signifies funnel plot asymmetry (p < 0.05 for the
Egger’s regression test). In the Begg and Mazumdar’s test, a rank correlation test is conducted to
explore the correlation between (standardised) effect sizes and their standard errors. A significant
correlation (p < 0.05) for the Begg and Mazumdar’s rank correlation test suggests that effect sizes
vary with standard errors (smaller studies tend to have larger standard errors), which indicates a
small study effect and thus potential publication bias.
The ‘trim and fill’ method was used to estimate the potential impact of small study effects.42 In this
method, the asymmetry of a funnel plot is assumed to be caused by publication bias, and alternative
estimates correcting for the bias are calculated first by trimming out smaller studies with more
extreme effect size estimates causing the asymmetry, and then by reintroducing these studies along
with their ‘missing’ counterparts. The method provides a way to estimate how sensitive the results of
meta-analyses are to the small study effects. It is important to recognise that publication bias is just
one potential cause of small study effects and to interpret findings with caution accordingly.
Evaluating the association between estimated effect sizes and other potential effect
modifiers through meta-regression
The regression methods used alongside funnel plots essentially test the existence of an association
between observed effect sizes and precision (or sample sizes) of studies. As described above,
heterogeneity in the intervention components, study design, settings and context commonly seen in
HSDR may confound this association. One approach to investigating this issue is to use multivariate
meta-regression analyses, including both sample size and potential confounding factors (e.g. quality
of study, or year of publication, as a proxy for changes in context) as covariates. If the association
between observed effect sizes and sample sizes persists after adjusting for potential confounders,
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the likelihood of observed funnel plot asymmetry being caused by publication bias increases. In case
study 1, we carried out meta-regression to explore whether any association found between effect sizes
and sample sizes (or precision) could be attributed to other confounding factors.
Investigation of p-hacking using p-curves
Repeating analyses using different analytical approaches and data sets until a statistically significant
result is obtained – so called ‘p-hacking’ – introduces a bias closely related to publication bias.3
Recently, a novel methodology, termed ‘p-curve’, that allows the detection of p-hacking from published
literature has been developed.2 The method is based on the fact that, when the null hypothesis is true,
the distribution of p-values is uniform and, therefore, should take the shape of a straight line when a
collection of p-values from studies that declare statistical significance are plotted. When p-hacking
exists, however, the distribution of p-values will be distorted and a spike in the region just below
p = 0.05 would be observed.3 The method has been tested within psychology and biology literature
and demonstrated apparent p-hacking in these fields.2,3 Although we were not aware of the application
of p-curve in health services research, p-hacking is a possible threat in HSDR, particularly in the
increasing number of analyses of data sets from routine databases. We therefore proposed to use
p-curves to explore the potential occurrence of p-hacking in HSDR in case study 1, for which we had
more detailed data. We first calculated z-scores for each individual effect estimate included in the
meta-analysis of this case study. These were then entered into the tool developed by Simonsohn et al.43
to generate p-curves.
Work package 4: follow-up of publication status of cohorts of health services
research studies
The previous three WPs drew on crucial evidence on issues concerning the extent of publication bias
and methods of detecting it in HSDR from the literature. Nevertheless, most of the evidence gathered
was indirect in nature, as observations made (such as asymmetry in funnel plots and significant tests)
were indicative of the existence of such bias, rather than confirmatory. WP 4 consisted of a retrospective
investigation of cohorts of HSDR studies, which were followed over time to ascertain whether their
publication status was associated with the statistical significance, or perceived ‘positivity’ or interest
of their findings. The main objective was to provide a direct observation of the presence or absence
of publication bias in HSDR, as measured by the presence or absence of an association between the
publication status of HSDR projects and the statistical significance and perceived ‘positivity’ (see Extraction
of study information and classification of study findings) of their findings. In addition, if publication bias was
observed, whether it was associated with study design, study type (intervention vs. association) and/or
sample size would be explored.
Selection of study cohorts
We initially planned to identify and follow two cohorts of 100 HSDR studies, which would provide
confidence limits of under ± 10% for each cohort (assuming a publication rate of 60%) and an 88%
power to detect a 20% difference between the two cohorts. To increase the diversity of HSDR covered
in our sample, we subsequently added two cohorts of 50 studies, each from HSDR-related conferences.
Further details are described in National Institute for Health Research cohort, HSRProj cohort, Health
Services Research UK conference cohort and ISQua conference cohort.
Studies initially sampled for each of the cohorts were checked against the following criteria:
l The research question fell within the scope of HSDR defined for this project.
l The study included a quantitative component that was not one of the following: descriptive studies
not making any comparisons or evaluating any associations; simulation and other studies that were
mainly based on modelling or development of models; and methodological studies associated with
development and validation of tools.
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Studies that did not meet these inclusion criteria were discarded and replaced until the targeted
sample size was achieved for each cohort.
National Institute for Health Research cohort
The only comprehensive database of UK HSDR studies that we were aware of is the project portfolio
of the NIHR HSDR programme-funded projects, including those previously commissioned under the
NIHR Service Delivery and Organisation (SDO) programme and the NIHR Health Services Research
programme. These studies have gone through a highly competitive bidding and peer review selection
process and are likely to be the most well-funded projects among HSDR studies. In addition, the
NIHR has had a strong policy to mandate the publication of research findings and, indeed, the HSDR
programme has been routinely publishing its funded studies submitted from July 2012 onwards in its
Health Services and Delivery Research journal, which is published as part of the NIHR Journals Library.
Studies included in the HSDR database are therefore ‘atypical’ and are least likely to be subject to
publication bias. Nevertheless, given the prominence of this portfolio of studies, evaluating the
presence or absence of publication bias and documenting the impact of the establishment of the
HSDR journal series on the publication of these studies were both very important.
In July 2017 we requested records from the NIHR on projects that had been funded by the NIHR
SDO, Health Services Research and HSDR programmes that had been completed by the end of
2014. A total of 338 projects were included in the records supplied. We initially screened all studies
completed between 2009 and 2012 (n = 131), but the targeted sample size of 100 studies could not
be achieved after excluding projects that were not a primary study including a quantitative component
(e.g. evidence synthesis projects and those that adopted exclusively qualitative methods). Consequently,
we extended the year range for project completion to between 2007 and 2014 for the final sample of
100 projects.
HSRProj cohort
In order to complement the cohort of studies funded by the NIHR, we identified another cohort of
studies from the US-based HSRProj database [URL: wwwcf.nlm.nih.gov/hsr_project/home_proj.cfm
(accessed 17 December 2019)]. The HSRProj is hosted within the US National Library of Medicine
and is the largest (and the only one that we were aware of) publicly accessible prospective registry
of health services and public health research that covers multiple institutions and funding bodies.
As of 2017, the database held information on > 32,000 projects (including both ongoing and completed
projects) undertaken by nearly 5000 organisations from > 50 countries (mainly from the USA). Although
it is unlikely that projects registered with this database were representative of all HSDR, the coverage
in terms of number of projects and types of studies made it one of the best alternative sources to
assemble a cohort of HSDR studies.
The HSRProj database classifies its project records into three categories: ongoing, completed or
archived. Records are archived 5 years after the project’s end date. We took a random sample of
100 studies from the 1531 studies recorded as being completed in 2012 (to allow sufficient time for
publication). As the HSRProj had a broad scope (e.g. including public health projects and comparative
effectiveness research), studies that were initially sampled but judged to be falling outside the scope
of this project were excluded and replaced during the assembly of the study cohort.
Health Services Research UK conference cohort
We obtained all abstracts presented in the Health Services Research UK (HSRUK) conferences during
2012–14 from Universities UK. We aimed to sample a total of 50 studies, with equal numbers from
oral and poster presentations. However, only 19 of available abstracts for poster presentations met
the inclusion criteria and, therefore, we sampled 31 abstracts from oral presentations.
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ISQua conference cohort
We randomly selected a total of 50 abstracts from the International Society for Quality in Health Care
(ISQua) 2012 conference using the abstract books published by the conference, with equal number
from poster and oral presentations (25 each).
Extraction of study information and classification of study findings
Information on title, authors, abstract and funding source and contact information for the lead investigator
for the sampled studies were supplied by the NIHR, downloaded and imported from the website of
HSRProj or obtained from conference abstracts. Each study was classified according to study type
(intervention vs. association) and study design features [method of data collection (bespoke vs. routine
data vs. mixed) and, for intervention studies, whether or not there was a concurrent control group].
We also classified each study according to statistical significance (with a p-value of ≤ 0.05 considered
statistically significant). For studies focusing on one outcome or with one prespecified primary
outcome, we coded statistical significance based on this outcome. When results were reported for
more than one outcome or association and a main outcome could not be easily discerned, we classified
the findings from each study as ‘all or mostly significant’, ‘mixed (one or more significant result, but for
less than two-thirds of the outcomes/associations)’ or ‘all or mostly non-significant’.
Statistical significance may not be the main mechanism through which publication bias occurs. For
example, the findings of a study may be regarded as positive or favourable if a cheaper way to deliver
a service is as effective as a more costly option (i.e. no significant difference in outcomes between the
options). We therefore adopted the method used by Song et al.4 and classified the findings of each
study as ‘positive’ or ‘non-positive’. Studies coded as positive included those that were considered
(by the original study authors) as being ‘positive’, ‘favourable’, ‘significant’, ‘important’, ‘striking’, ‘showed
effect’ and ‘confirmatory’. Non-positive result refers to other results labelled as being ‘negative’,
‘non-significant’, ‘less or not important’, ‘invalidating’, ‘inconclusive’, ‘questionable’, ‘null’ and ‘neutral’.
The ‘positivity’ classification was used as a sensitivity analysis in place of ‘statistical significance’ given
that the two measures are likely to be highly correlated.
Some of the larger HSDR projects had multiple components (e.g. quantitative and qualitative) and/or
involved multiple stages (e.g. pilot study, process evaluation and effectiveness trial), and may have
produced multiple publications. In such cases, we chose the quantitative component/publication
that was considered to be closest to the stated primary aim(s) of the project, or chose the earliest
publication for data collection and coding if the most relevant component or publication could not be
determined. For a project encompassing multiple methods and stages, we focused on the publication or
findings associated with the later stage (usually an effectiveness trial) of the project.
All data extraction and coding decisions were made by one reviewer and checked by a second
reviewer. Any discrepancies were resolved through discussions.
Verification of publication status
The publication status of each study was verified firstly by searching PubMed and Google (Google Inc.,
Mountain View, CA, USA), using information on title and lead investigator/author. When no publication
was identified, or when it was not clear if the identified publications were direct outputs from the selected
project, we attempted to contact the investigators by e-mail to verify the status of publication and to
request information on published articles or unpublished study results, and reasons for non-publication
if this is the case.We sent up to two reminders when no response was received and other means (e.g. search
of funding agency’s website) were pursued to enhance the completeness of follow-up. We classified
publication status for each study as published (in academic journals), grey literature (available on the
internet in a form other than an article published in academic journals, such as a technical report or
working paper) or unpublished.
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Data analysis
Descriptive statistics concerning study type, study design, findings and publication status were computed.
Univariable and multivariable logistic regression were carried out to explore the association between
publication status and statistical significance and positivity of study findings, controlling for potential
confounders. Our prespecified variables were type of study (intervention vs. association), method of
data collection (routine data, bespoke data collection or mixed), funding source [no specific funding,
local funding, national funding (HSDR programme), national funding (others)], size of study (number of
institutions or number of individuals) and, for intervention studies, studies with concurrent controls
compared with before-and-after studies (including time series without a control group). We dropped
two variables, funding source and study size, during data collection, as (1) the NIHR cohort has a single
funding source by default and this information was not available for a large proportion of studies in the
conference cohort; and (2) attributing a study size to a given study based on number of participating
institutions, number of individual patients, number of observations or number of events could be
arbitrary, and inclusion of study sizes based on different units could lead to difficulties in interpretation.
In addtion, we collected information with regard to study design [randomised controlled trial (RCT)
vs. non-RCT] among studies with concurrent controls, but did not include this in multivariable analyses,
as all RCTs adopted bespoke data collection and had a concurrent control group by definition.
Work package 5: semistructured interviews and a focus group discussion
with health services researchers, journal editors and other stakeholders
Work package 5 sought to complement direct evidence collected from the retrospective cohort study
in WP 4 by exploring the perceptions and first-hand experiences of health services researchers and
commissioners, journal editors, service managers and users, with regard to the occurrence and impact
of publication and related bias. It contributes to the overall aim of obtaining (qualitative) evidence on
the extent and existence of publication bias. It was also intended to contribute to the development of
methods for the detection and mitigation of publication bias in HSDR. As well as generating important
data on the perspectives of key actors in the HSDR process, this WP was designed to support analysis
of results deriving from prior WPs.
Objectives
Interviews and the focus group were designed to:
l enable qualitative exploration of quantitative findings derived from WPs 1–4, for example in
relation to current rates and types of publication bias in HSDR
l gauge the views of a sample of those currently commissioning, publishing or conducting HSDR as to
the prevalence (or existence) and perceived impact of publication bias
l identify and explore current and future strategies for prevention, detection and mitigation of any
bias detected
l explore the experiences and views of service managers and patient and user experts involved
in HSDR.
Methods
Selection and recruitment of key informants
We undertook in-depth interviews with 24 key informants in the field of health services research to
explore their perceptions, experience and preferred solutions to overcoming problems associated
with publication bias in HSDR. We conducted a focus group with eight patient and service user
representatives to explore these issues from a patient and service user perspective.
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Potential interviewees were invited by the lead researcher for WP 5 (IW) via e-mail in the first instance.
Invitation e-mails were tailored to the individual respondent (see Appendix 2) and included a short
summary of the project, with further detail attached (i.e. participant information leaflet, see Appendix 3).
Those agreeing to take part were requested to return a signed consent form (see Appendix 4), either by
e-mail (scanned signed copy or provision of an electronic signature) or by post. Those not providing a
consent form consented verbally to the audio-recording of the interview. Non-responders were sent a
reminder e-mail within 2 weeks of the initial e-mail, and this was trailed in the initial invitation. Those
declining to take part were asked to give reasons for declining. Of the 27 targeted respondents who did
not take part, eight cited lack of available time, four indicated a lack of interest or expertise in the topic
and 15 did not respond.
We sought to ensure that the sample included researchers from different epistemological traditions
and at various stages in their careers. Researchers included in the sample were selected to
include individuals:
l with a track record of HSDR publication
l at different stages of their careers (indicated by level of seniority)
l specialising in aspects of HSDR, such as systematic review, improvement science, management,
health sociology, health economics and operations research.
We did not require that those included had a specific research interest in publication bias, but instead
designed our interview schedule to enable them to reflect on publication bias from their standpoints
and experiences (see Appendix 5).
Editors and assistant editors of key UK health services journals were also included, along with journal
editors from outside the UK. Three respondents were included primarily because of their roles at
major funders of UK HSDR, and two interviewees were included as national and local decision-makers
within the English NHS. Details of the final sample are presented in Table 1.
Our final sample therefore included 14 senior researchers (with seven of these interviewed primarily
in this capacity and seven in a secondary capacity), five junior mid-career researchers (four in this
capacity and one in a secondary capacity), 10 editors (seven in this capacity and three in a secondary
capacity), four funders (three in this capacity and one in a secondary capacity), two managers, one
private consultant and eight patient and service user representatives. Five of these respondents were
also practising clinicians.
TABLE 1 Interviewees and focus group participants
Research participant Primary identifier Secondary identifier Total
Senior researcher 7 7 14
Junior/mid-career researcher 4 1 5
Journal editor 7 3 10
Researcher funder/commissioner 3 1 4
Patient/service user representative 8 0 8
Manager 2 0 2
Consultant evaluator 1 0 1
Clinician 0 5 5
Total 32 17 49
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Topic guides for the interviews and focus group were informed by previous phases of the study and
focused on the informants’ perceptions and past experience of publication bias in HSDR, and their
opinions on possible approaches to its mitigation.
We obtained ethics approval from the University of Warwick Biomedical and Scientific Research Ethics
Committee (REGO-2017-1918 AM01). Although assurances were given that, when possible, all steps
would be taken to ensure anonymity, it was made clear that in a relatively small sample of high-profile
interviewees full anonymity may be compromised. In acknowledgement of the sensitivity of the subject
material we put safeguards and assurances in place so that respondents felt able to speak freely and
candidly. For example, we assured interviewees that, as well as anonymising transcripts, steps would
be taken to ensure that any identifying details are redacted in subsequent reports. Participants were
offered the opportunity to comment on a draft report of this WP so that they could be assured that all
identifying features had been removed.
Data collection and analysis
Interview and focus group data were collected during the period September 2017–August 2018,
with interviews conducted by a single member of the research team and the focus group facilitated by
two members. All interviewees opted for a telephone interview format. Interviews ranged from 20 to
45 minutes in length and the focus group lasted 1.5 hours. Example interview schedules can be found
in Appendix 5. Permission to voice-record the interviews was obtained in all cases (including the focus
group), and recorded interviews were fully transcribed for subsequent analysis.
Data were analysed inductively to gauge participants’ perspectives and experiences within the framework
provided by the research aims, as well as issues identified in prior WPs. Findings from earlier interviews
were used to inform subsequent interviews to facilitate the exploration of different perceptions, experiences
and opinions among the interviewees. For internal validity, all interviews were fully transcribed and we used
qualitative coding software (NVivo version 11; QSR International,Warrington, UK) to facilitate data storage
and retrieval during analysis.44 Two members of the research team contributed to the building of thematic
coding frames from qualitative data and shared independent coding of a data subset in order to ensure
consistency. Identified themes were regularly discussed at meetings of the core project team. External
validity and transferability of analysis were addressed through detailed description and data triangulation
betweenWPs.45
Saturation checks conducted during the final three interviews suggested that, although additional
themes of interest were still forthcoming, these did not relate to the core research aims.46 These are
put forward as areas for possible future investigation in Chapter 8 of this report. Results are presented
in Chapter 7, using verbatim quotes to illustrate main themes.47
Patient and public involvement
This project involved two public contributors from its inception. One of the public representatives (MS)
was a member of the Project Management Group and co-author of the report, and helped with planning
and facilitating the focus group discussion for WP 5. Another public representative sat on the Study
Steering Committee. Both members of the public regularly participated in project meetings and
discussions, received meeting minutes, provided advice on all issues related to patient and public
involvement (PPI) and dissemination of findings. The project also benefited from input from NIHR
Collaboration for Leadership in Applied Health Research and Care West Midlands PPI Supervisory
Committee Advisors.
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Deviations from the original protocol
This 2-year project tackled a complex area of HSDR, which is very broad in scope and diverse in
methods. Several challenges needed to be overcome in order to deliver the proposed research within
the time and resources available. As a consequence, some amendments of the methodological
approaches were made during the conduct of the project, which deviated from the original protocol.
These are described below with rationale behind the changes explicated.
Work package 1
The original protocol noted that the systematic review will cover HSDR and ‘cognate fields’. Given
the multidisciplinary nature of HSDR, many different fields, such as management, economics and
psychology, could be considered as cognate. Although our literature searches retrieved some studies
investigating publication and related bias in these fields, it became clear that it was not feasible in the
scope of our study to systematically review all of this diverse literature, taking into account other WPs.
We do, however, provide a brief description and discussion of these studies in Chapter 8.
Work package 2
The initial plan was to identify the required sample of HSDR systematic reviews through searches of
general databases, such as MEDLINE, by combining HSDR-related terms with systematic review filters.
Retrieved records would then be screened to verify whether or not they were systematic reviews of a
HSDR topic. However, owing to the lack of specificity of HSDR-related terms, this approach resulted in
the retrieval of a very large number of systematic reviews, many of which would fall outside the scope
of HSDR defined in this project. The process for undertaking this step of screening would be very time-
consuming and could substantially delay the progress of the project. We therefore obtained our sample
of HSDR systematic reviews directly from the Health Systems Evidence database, after consulting the
Study Steering Committee (see Search and sampling strategies).
We planned to collect information concerning the number and type of variables (e.g. structure, process,
outcome or context) investigated by each of the included systematic reviews. Nevertheless, it became
clear during data extraction that many HSDR systematic reviews covered diverse interventions in
different settings, and reported findings for a large number of outcomes and/or associations. The
variables and associations explored were often not clearly stated in the methods section, but were
scattered in tables and text throughout the articles. We therefore had to drop this item from our
data collection.
We were to classify the type of journal in which the review was published into four categories:
medical, health services research and health policy, management and social science, and other.
However, initial examination of sampled systematic reviews showed that very few reviews were
published in management and social science journals and other outlets, and the distinction between
‘medical’ and ‘health services research and health policy’ categories could be vague. Therefore, on the
advice of the Study Steering Committee, we classified journals according to whether or not they
endorsed systematic review guidelines instead, as this would be a feature that might be associated
with assessment of publication and related bias in published systematic reviews.
Work package 3
The original plan was to select 5–10 systematic reviews for in-depth examination, and to utilise data
reported in these reviews to carry out further analyses and test different methods for detecting
publication and related bias. However, it became apparent that detailed quantitative data on outcomes
and coding on study-level variables that are likely to be effect modifiers were often not adequately
reported in published reviews, and it would not be practical for the project team to locate and extract
data from individual studies included in the reviews. Consequently, on the advice of the Study Steering
Committee, we selected four systematic reviews to be included as case studies (case studies 1–4) and
focused on one of them (case study 1), for which we were able to access original data to conduct
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detailed further analyses. We provided critiques of the methods and findings for the remaining three
case studies (case studies 2–4). In addition, we obtained data and worked on another systematic
review as a potential further case study. It was based on a data set that included 272 RCTs, supplied
by colleagues from the Cochrane Collaboration in relation to an ongoing, updated systematic review
on the effectiveness of quality improvement strategies for the management of diabetes that has
previously been published.12,48,49 Unfortunately, due to the substantial time required for obtaining and
organising the data and for carrying out imputation of unavailable data (e.g. standard errors of effect
estimates), and considering that the owners of the data set are yet to analyse and to publish main
findings from the data at the conclusion of this project, we are unable to include this further case
study in this report. Nevertheless, we have completed preliminary analyses and it is our intention to
continue this effort and to publish the completed case study in collaboration with colleagues from the
Cochrane Collaboration.
Work package 4
We planned to obtain cohorts of HSDR studies to be followed up from the NIHR’s registry of funded
projects and the HSRProj database. These were carried out as planned. During one of the Study
Steering Committee meetings, members of the committee pointed out that these samples are likely to
be the most well-funded projects and may cover only the upper end of the spectrum of existing HSDR.
They therefore recommended that the project team identify further cohorts from other sources, such
as HSDR-related conferences. As a result, two additional cohorts drawing from the HSRUK and the
ISQua were included.
Work package 5
We intended to carry out semistructured interviews for various groups of HSDR stakeholders, including
health services researchers, journal editors, HSDR funders, service managers and patient and public
representatives. Interviews were undertaken as planned for most of the stakeholders. However,
considering the experience from initial interviews and following discussions with the PPI advisors of the
project, we decided to hold a focus group discussion instead of individual interviews for the patients and
public stakeholder group. This was because they were unlikely to have much previous exposure to the
concept and terminology associated with publication and related bias, and thus might have difficulties in
forming a clear and considered opinion. It was felt that the dynamics of a focus group discussion would
assist participants to clarify their thoughts on salient topics. This change was approved by the University
of Warwick’s Biomedical and Scientific Research Ethics Committee, which issued initial approval for the
project, and was agreed by the NIHR HSDR programme.
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Chapter 3 Findings of systematic review of
empirical evidence on publication and related
bias in HSDR
This chapter presents findings from WP 1 of the project, in which we systematically searched andreviewed empirical studies that set out to investigate the occurrence of publication and related
bias in HSDR.
Literature search and study selection
Initial searches of electronic databases in March 2017 retrieved 7732 records. After removing duplicates,
the titles and abstracts of 6155 records were screened. Of these, 422 records were considered potentially
relevant and their full-text articles were retrieved. Six additional full-text articles were identified and
obtained from other sources.
Of the 428 full-text articles examined, 188 were retained. Of these, four were methodological studies that
set out specifically to investigate publication and related bias in HSDR13–15,50 and three were systematic
reviews of substantive HSDR topics, in which evidence from published literature was compared with grey
literature and unpublished studies (and thus provided direct evidence on publication bias).51–53 These seven
studies were examined and are described in detail in this chapter. The remaining 181 studies were
systematic reviews of substantive HSDR topics, in which publication and outcome reporting bias was
assessed as part of the review process. As these reviews provided only indirect evidence on publication
bias, they are briefly described in this chapter and are summarised in Appendix 6.
Two hundred and forty retrieved full-text articles did not meet the inclusion criteria and were excluded.
The primary reasons for exclusion were not mentioning publication and related bias at all (we examined
systematic reviews that might have examined publication and related bias, even if this was not explicitly
stated in the titles and abstracts); mentioning these biases but without assessing them; and topics being
outside the definition of HSDR adopted for this project. A flow diagram for the literature retrieval and
study selection process is shown in Figure 4. We carried out an updated search in July/August 2018.
This retrieved 1328 new records, but no relevant methodological studies were identified.
Methodological studies investigating publication and related bias in HSDR
Four studies specifically set out to investigate publication and related bias in a substantive topic area
of HSDR. The objectives, methods, key findings and limitations of these studies are summarised in
Table 2. Three studies investigated publication bias in health informatics research,14,15,50 and one study
explored potential reporting bias or p-hacking arising from researchers competing for limited space of
publication in high-impact journals in health economics and policy literature.13
Of the four studies,13–15,50 only one was an inception cohort study that tracked individual research
projects from the start and thus provided direct evidence of publication bias.14 Studies included in this
cohort were clinical trials of electronic health records registered with ClinicalTrials.gov during 2000–8.
Findings from 76% (47/62) of completed studies were published. Of these, 74% (35/47) reported
predominantly positive findings, 21% (10/47) reported neutral results (no significant effects) and 4%
(2/47) reported negative or harmful results. Of the 15 unpublished trials, three had positive findings
and four had neutral results based on information supplied by the investigators. Findings for the
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remaining eight studies were unknown. The authors found that trials with positive findings were more
likely to be published than those with neutral findings (see Table 2), but cautioned that the sample
included in the cohort may be atypical of general studies in the field.
Another study15 in health informatics was an e-mail-based survey of people who were likely to be involved
in the evaluation of health information systems. Participants were asked about (1) what information systems
they had evaluated in the past 3 years; (2) where they published the results of the evaluation; and (3) the
reasons for non-publication of the results, if this was the case. A response rate of 19% (136/722) was
achieved, with 118 respondents reporting the completion of a total of 217 evaluation studies. Most of these
respondents were from an academic background (92/118), with a small number from information technology
management, industry and government institutions. Approximately half of the identified evaluation studies
were published in peer-reviewed journals, proceedings or books, whereas the remaining half either were
published only locally (e.g. internal reports) or were unpublished (see Table 2). Reasons cited for not
publishing included: not of global interest (35%), publication in preparation (31%), no time for publication
(22%), limited scientific quality (17%), political and legal reasons (14%) and for internal use only (13%).
A low response rate was the major limitation of this study. Nevertheless, the survey provided some
insights concerning reasons behind non-publication. Like most surveys, the study findings could be
influenced by sampling, response and recall bias. It is also worth noting that publication was still being
considered or under way for about one-third of the unpublished studies at the time of the survey, and,
therefore, the actual publication rate might be higher.
Titles/abstracts screened
(n = 6155)














studies that set out to 
investigate publication
and related bias in HSDR
(n = 4)
Other HSDR systematic reviews
(briefly described in the main text
and summarised in Appendix 6)
(n = 181)
Included for detailed description and synthesis:
•Methodological studies investigating publication and related bias in HSDR, n = 4







Publication bias not mentioned;
not HSDR; publication bias
mentioned but not formally
assessed; not systematic review;
commentary; publication bias
mentioned but data on findings








Excluded based on title/abstract
(n = 7061)
FIGURE 4 Flow diagram for literature search and study selection process for the systematic review. This figure has been
reproduced from Ayorinde et al.54 This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The figure
includes minor additions and formatting changes to the original text.
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The third methodological study50 in health informatics utilised evaluation studies identified from a
specialist health informatics database that covered literature published between 1982 to 2002, and
adopted three different approaches to assessing publication bias: (1) statistical analyses of the small
study effect; (2) examination of the percentage of evaluation studies with positive findings compared
with percentage of studies with mixed or negative findings; and (3) examination of the percentage
of systematic reviews reporting positive, neutral or negative results. The authors did not identify
sufficient number of studies with the same outcome measures to carry out statistical analyses of the
TABLE 2 Objectives, methods and key findings of included methodological studies investigating publication bias in health
services research
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small study effect. Although the percentages of primary studies with negative findings and systematic
reviews reporting negative results were low (see Table 2), these were not good indicators for the
existence of publication bias, as there is no estimate of what the ‘unbiased’ proportion of negative
findings should be for evaluation studies and reviews of health informatics interventions.
The fourth methodological study13 included in this review examined quantitative estimates of income
elasticity of health care and price elasticity of prescription drugs reported in the published health
economics literature.13 The authors identified a positive correlation between effect sizes and the
standard errors of income and price elasticity estimates using funnel plots and meta-regression,
which suggested potential existence of publication bias. Having adjusted for this, they also found an
independent association between effect size and journal impact factor. This suggested that studies
reporting larger effect sizes (i.e. more striking findings) were more likely to be published in ‘high-
impact’ journals. However, the finding still needs to be interpreted with caution, as other confounding
factors could not be ruled out for these observed associations. In addition, the authors acknowledged
that studies in the field concerned were often reported in grey literature, which was not examined in
this study.
Systematic reviews of substantive HSDR topics providing evidence on
publication and related bias
In addition to the four methodological studies13–15,50 that set out to investigate publication and
related bias, we identified 184 systematic reviews of substantive HSDR topics, in which findings from
assessment of publication bias and outcome reporting bias were reported. Therefore, these systematic
reviews, although not undertaken to specifically investigate publication and related bias, also provided
empirical evidence on this topic. In particular, three of these reviews51–53 provided direct evidence on
publication bias by comparing evidence from studies published in academic journals with evidence
from grey literature or unpublished studies. These reviews are described in detail below. The remaining
181 reviews provided only indirect evidence and are summarised briefly in the following section (and
further details can be found in Appendix 6).
Health services research systematic reviews comparing published and grey and
unpublished evidence
Table 3 provides a summary of the three HSDR systematic reviews51–53 that compared evidence from
published and grey and unpublished literature. The first review53 set out to evaluate the effectiveness
of mass mailings for increasing the utilisation of influenza vaccine. The review included evidence only
from controlled trials. In addition to computerised bibliographic databases, the authors had access and
were able to search a Health Care Quality Improvement Project database, which included records of
projects carried out to improve Medicare-funded services. Of the six studies identified, one published
study reported statistically significant intervention effects. However, five of the studies remained
unpublished and they all reported clinically trivial intervention effects (no effect or an increase in
uptake of less than two percentage points). The authors highlighted that even at the time when they
were disseminating findings from this review, further mass mailing interventions were being considered
by service planners on the basis of results from the first published study. The generalisability of the
findings may be limited by the inclusion of a small number of trials identified from a single study
registry and targeting a specific US population.
The second review51 examined evidence from grey literature and compared it with an earlier review
on the same topic that included only published literature.55 The review evaluated the effectiveness
and cost-effectiveness of strategies to improve immunisation coverage in developing countries. The
authors observed that the quality and nature of evidence differed in some aspects between these two
sources of evidence, and that the recommendations about the most cost-effective interventions would
differ based on evidence summarised in these two reviews (see Table 3). The authors of the review
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TABLE 3 Health services and delivery research systematic reviews that have compared published literature with grey
and unpublished literature
Study (HSDR topic) Topic
Methods of identifying grey
literature/unpublished
studies

















Six controlled trials were
identified. Only one (earliest)
trial reporting modest but
statistically significant
improvement in vaccination
rate (2–8%, depending on
the format of the letter and
location of the study) was
published. Five subsequent
trials that found smaller,
clinically trivial improvement
in vaccination rate of no
more than 2% remained
unpublished
Batt et al. 200451
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programme)
Costs, effects and cost-
effectiveness of strategies to
increase coverage of routine
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international experts; search
of grey literature databases;
searches of the internet,
conference proceedings and
web pages of pertinent
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Quality of data on effect and
cost-effectiveness was
similar between published
and grey literature, but the
quality of costing data were
poorer in grey literature.
Inclusion of grey literature
doubled the quantity of
available evidence.
Interventions examined in
the grey literature were
more up to date, associated
with more complex
interventions aimed at
health systems, and better
represented West Africa and
the Middle East. Conclusions








nurses’ job satisfaction and
turnover
Extensive search of 35
databases, ‘footnote chasing’
and searching by author






found for two of them:
global climate and job
satisfaction; and reward
orientation climate and job
satisfaction. Both differences
were related to magnitude
rather than direction of the
estimated association
USAID, United States Agency for International Development; WHO, World Health Organization.
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acknowledged that the grey literature was mainly identified from international organisations and,
therefore, would not have covered evidence from national governments. In addition, their literature
searches were limited to English keywords and, thus, literature written in other languages was
not examined.
The third review52 assessed 23 associations between various measures of organisational culture,
organisational climate and nurses’ job satisfaction. The author searched for and included doctoral
dissertations in the review, and made comparison between evidence from the dissertations and that
from published journal articles for 10 of the associations. Statistically significant differences in the
pooled estimates between these two types of literature were found in two of the 10 associations.
This review was chosen as the basis of case study 2 of WP 3 and, therefore, further information
concerning the methods and findings of the review can be found in Chapter 5.
Findings from other systematic reviews of substantive HSDR topics
Of the 181 remaining systematic reviews of specific HSDR topics, 100 examined potential publication
bias across included studies, using funnel plots and related techniques, and 108 assessed outcome
reporting bias within individual included studies, generally as part of the risk-of-bias assessment.
The methods used in these reviews and key findings in relation to publication bias and outcome
reporting bias are summarised in Appendix 6. Approximately half (51/100) of the 100 reviews that
attempted to assess publication bias found some evidence of small-study effects.
Among the 108 reviews that assessed outcome reporting bias, reviewers frequently reported
difficulties in judging outcome reporting bias due to the absence of a published protocol for the
included studies. For example, a Cochrane review on the effectiveness of interventions to enhance
medication adherence included 182 RCTs and judged eight and 32 of the RCTs to be at high and low
risk for outcome reporting bias, respectively, but the authors could not make a clear judgement for
the remaining 142 RCTs, primarily because of unavailability of protocols.56 Comparison of outcomes
specified in the methods section with those reported in the results section was a commonly adopted
approach in the absence of a protocol for the included studies; and authors sometimes made subjective
judgements on the extent to which all important outcomes were reported. All but one57 of the reviews
that assessed outcome reporting bias used either the Cochrane risk-of-bias tool or bespoke tools derived
from this. In the only exception,57 the authors undertook a sensitivity analysis by imputing zero effects
(with average standard deviation) for studies that would have otherwise met the inclusion criteria except
for not providing sufficient data on relevant outcomes and including them in the analysis. The authors
found that the pooled effect was considerably reduced after including the imputed data, although it was
still statistically significant.57
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Chapter 4 Overview of systematic reviews of
intervention and association studies in HSDR
This chapter presents findings from WP 2 of the project, which was an overview of 200 randomlyselected systematic reviews of intervention and association studies, as described in Chapter 2.
Characteristics of included intervention and association reviews
As planned, 200 systematic reviews (100 intervention reviews and 100 association reviews) were included
in this meta-epidemiological study. The characteristics of the included systematic reviews are shown for
both intervention and association reviews in Table 4. The majority of the 200 systematic reviews (79%)
included at least 10 studies, with association reviews more likely than intervention reviews to include
≥ 10 studies (86% vs. 71%; p = 0.01). Only 22% of all the systematic reviews performed a meta-analysis,
which was more common in the intervention reviews than in the association reviews (33% vs. 10%;
p < 0.0001). Of the 157 reviews that did not include meta-analysis, 90 (57%) provided reasons for this
(mainly heterogeneity between studies and a small number of comparable studies).
TABLE 4 Characteristics of included reviews and comparison between association and intervention reviews




(N= 100), % p-valuea
Number of included studies, n (%)
< 10 43 (21.5) 14 29
≥ 10 157 (78.5) 86 71 0.01
Meta-analysis included, n (%)
No 157 (78.5) 90 67
Yes 43 (21.5) 10 33 < 0.0001
Design of included studies, n (%)
Mixed 164 (82.0) 99 65
RCT and controlled trials 36 (18.0) 1 35 < 0.0001
Searched grey/unpublished literature, n (%)
No 97 (48.5) 48 49
Yes 103 (51.5) 52 51 0.887
Quality assessment performed, n (%)
No 43 (21.5) 30 13
Yes 157 (78.5) 70 87 0.003
Authors mentioned using GRADE
No, n (%) 177 (88.5) 94 83
Yes, n (%) 23 (11.5) 6 17 0.015
Journal impact factor, median (IQR) 3.00 (2.26–5.10) 2.66 (2.07–3.39) 3.55 (2.30–7.08) 0.002
Journal endorses systematic review guideline, n (%)
No 60 (30.0) 31 29
Yes 140 (70.0) 69 71 0.758
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Intervention and association reviews also differ significantly in several other characteristics, such as
inclusion of study design beyond controlled trials, undertaking quality assessment of included studies,
mentioning the use of systematic review reporting guidelines and GRADE, their A MeaSurement Tool
to Assess systematic Reviews (AMSTAR) rating and the impact factors for the journals in which they
were published (see Table 4). Just over half (52%) of the systematic reviews searched for grey and
unpublished literature, and the proportions were similar in both association reviews (52%) and
intervention reviews (51%). Seventy per cent of the journals in which the reviews were published
endorsed a reporting guideline for systematic reviews, with similar proportions for both intervention
reviews and association reviews (71% vs. 69%; p = 0.758) (see Table 4).
Publication bias
We found that 85 (43%) of the systematic reviews considered publication bias, and this was more
common in intervention reviews than in association reviews (54% vs. 31%; p = 0.001). However, only
about 10% (19/200) formally assessed publication bias through statistical analysis, mostly using funnel
plots and related methods (Figure 5). Again, intervention reviews assessed publication bias more
frequently than association reviews (14% vs. 5%; p = 0.03) (see Table 4). Five59–63 of the 19 reviews
(26%) that assessed publication bias reported some evidence of publication bias. The remaining reviews
mostly reported no risk or low risk of publication bias, and one reported that the funnel plot was not
TABLE 4 Characteristics of included reviews and comparison between association and intervention reviews (continued )




(N= 100), % p-valuea
Reviewers reported using systematic review reporting guideline
No, n (%) 127 (63.5) 72 55
Yes, n (%) 73 (36.5) 28 45 0.013
AMSTAR rating (%), median (IQR) 60 (44–73) 50 (40–65) 65 (50–82) < 0.00001
Publication bias mentioned or assessed, n (%)
No 115 (57.5) 69 46
Yes 85 (42.5) 31 54 0.001
Publication bias assessed, n (%)
No 181 (90.5) 95 86
Yes 19 (9.5) 5 14 0.030
Outcome reporting bias mentioned and assessed, n (%)
No 166 (83.0) 96 70
Yes 34 (17.0) 4 30 < 0.0001
Mentioned or assessed publication bias and/or outcome reporting bias, n (%)
No 105 (52.5) 68 37
Yes 95 (47.5) 32 63 < 0.0001
Assessed publication bias and/or outcome reporting bias, n (%)
No 151 (75.5) 91 60
Yes 49 (24.5) 9 40 < 0.0001
AMSTAR, A MeaSurement Tool to Assess systematic Reviews; IQR, interquartile range.
a Comparison between association and intervention reviews.
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very informative owing to small numbers (the review included only four studies). Authors of reviews in
which publication bias was mentioned but not assessed often reported conditions of using funnel plots
not being met, especially insufficient number of studies and/or heterogeneity between included studies.
Factors associated with mentioning (including assessing) publication bias
Publication bias was more likely to be mentioned in intervention reviews than association reviews in
the univariable analysis [odds ratio (OR) 2.61, 95% confidence interval (CI) 1.47 to 4.66]. The strongest
association was observed in reviews that included meta-analysis, compared with those with no
meta-analysis (OR 5.71, 95% CI 2.67 to 12.21). Mentioning publication bias was also associated with
quality assessment of individual studies, authors reporting the use of GRADE, journal impact factor
and reviewer reporting the use of systematic review guidelines (Table 5). Journal endorsement of

























FIGURE 5 Methods used to assess publication bias in sampled systematic reviews. a, Nineteen reviews assessed
publication bias but some reviews used more than one method of assessment.
TABLE 5 Factors associated with mentioning publication bias
Factor
Mentioned publication bias,
n (row %) Univariable Multivariable
Yes (N= 85) No (N= 115) OR (95% CI) p-value OR (95% CI) p-value
Number of included studies
< 10 (n= 43, 22%) 19 (44) 24 (56)






No (n = 157, 78%) 53 (34) 104 (66)





Design of included studies
Mixed (n= 164, 82%) 65 (40) 99 (60)
RCT and controlled trials
(n = 36, 18%)
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studies and number of included studies were not significantly associated with mentioning publication
bias. In the multivariable analysis, only the inclusion of meta-analysis was statistically associated with
mentioning or assessing publication bias (see Table 5). Intervention reviews were still more likely than
association reviews to mention publication bias, although the relationship was no longer statistically
significant (OR 1.63, 95% CI 0.85 to 3.15).
Factors associated with assessing publication bias
As with mentioning of publication bias, assessment of publication bias was most strongly associated
with the inclusion of meta-analysis (OR 112.32, 95% CI 14.35 to 879.03) in the univariable analysis.
Intervention reviews were more likely than association reviews to include such an assessment (OR 3.09,
95% CI 1.07 to 8.95). Inclusion of only RCTs and controlled trials, journal impact factor and reviewers
reporting the use of systematic review guidelines were also associated with the assessment of publication
bias (Table 6). There was no significant association between the assessment of publication bias and the
TABLE 5 Factors associated with mentioning publication bias (continued )
Factor
Mentioned publication bias,
n (row %) Univariable Multivariable
Yes (N= 85) No (N= 115) OR (95% CI) p-value OR (95% CI) p-value
Searched grey/unpublished literature
No (n = 97, 49%) 39 (40) 58 (60)






No (n = 43, 22%) 10 (23) 33 (77)





Authors mentioned using GRADE
No (n = 177, 88%) 70 (40) 107 (60)
















Journal endorses systematic review guideline
No (n = 60, 30%) 24 (40) 36 (60)





Reviewers reported using systematic review guideline
No (n = 127, 63%) 45 (35) 82 (65)






Association (n = 100, 50%) 31 (31) 69 (69)
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TABLE 6 Factors associated with the assessment of publication bias
Factor
Assessed publication bias,
n (row %) Univariable Multivariable
Yes (N= 19) No (N= 181) OR (95% CI) p-value OR (95% CI) p-value
Number of included studies, n (%)
< 10 (n= 43, 22%) 2 (5) 41 (95)





Meta-analysis included, n (%)
No (n = 157, 78%) 1 (1) 156 (99)





Design of included studies, n (%)
Mixed (n= 164, 82%) 12 (7) 152 (93)
RCT and controlled
trials (n = 36, 18%)
7 (19) 29 (81) 3.06
(1.11 to 8.42)
0.031 Not included
Searched grey/unpublished literature, n (%)
No (n = 97, 49%) 13 (13) 84 (87)





Quality assessment performed, n (%)
No (n = 43, 22%) 1 (2) 42 (98)





Authors mentioned using GRADE
No (n = 177, 88%), n (%) 17 (10) 160 (90)
















Journal endorses systematic review guideline, n (%)
No (n = 60, 30%) 9 (15) 51 (85)





Reviewers reported using systematic review guideline, n (%)
No (n = 127, 63%) 5 (4) 122 (96)





Type of review, n (%)
Association
(n = 100, 50%)
5 (5) 95 (95)
Intervention
(n = 100, 50%)
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number of included studies, search of grey and unpublished literature, quality assessment of individual
studies or journal endorsement of systematic review guidelines. In the multivariable analysis, only
the inclusion of meta-analysis and reviewers reporting the use of systematic review guidelines were
significantly associated with the assessment of publication bias (see Table 6). The relationship between
types of review and assessment of publication bias diminished after they were adjusted for other factors
(OR 0.94, 95% CI 0.20 to 4.55). As current methods for assessing publication bias primarily rely on
constructing funnel plots and/or performing related statistical tests as part of meta-analyses in which
data are available from ≥ 10 studies, we further explored and illustrate the influence of these factors
in Figure 6.
Outcome reporting bias
Outcome reporting bias was mentioned in 34 (17%) systematic reviews and, again, this was more frequent
in intervention reviews than in association reviews (30% vs 4%; p < 0.0001). All of the 34 reviews
stated that outcome reporting bias was assessed as part of quality assessment of included studies.
The risk-of-bias tool used most often was the Cochrane’s risk-of-bias tool (28/34).64 Two reviews used
the Agency for Healthcare Research and Quality’s Methods Guide for Effectiveness and Comparative
Effectiveness Reviews,65 one used the Amsterdam–Maastricht Consensus List for Quality Assessment,













































































Included < 10 studies
(n = 14)
FIGURE 6 Assessment of publication bias in sampled reviews stratified by type of review, number of included studies and
whether or not a meta-analysis was performed. (a) Intervention reviews; and (b) association reviews. PB, publication bias.
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report the findings of outcome reporting bias assessment, despite having stated such an assessment in
their methods section. Of the remaining 31 reviews that reported the findings, 35% (11/31) reported
having at least one study with high risk of selective outcome reporting, 32% (10/31) judged all included
studies as low risk, and the remaining 10 reviews (32%) had at least one study in which the authors
were unable to judge the risk of bias and were classed as ‘unclear’.
Factors associated with assessing outcome reporting bias
Intervention reviews were more likely than association reviews to include an assessment of outcome
reporting bias (OR 10.29, 95% CI 3.47 to 30.53). Authors mentioning the use of GRADE (OR 9.66, 95% CI
3.77 to 24.77) and inclusion of RCTs or controlled trials only (OR 7.74, 95% CI 3.39 to 17.75) were also
strongly associated with assessment of outcome reporting bias. Other features found to be associated
with assessing outcome reporting bias in the univariable analysis included the number of included studies,
inclusion of meta-analysis, journal impact factor, journal endorsement of systematic review reporting
guidelines and reviewers mentioning the use of systematic review guidelines (Table 7). Search of grey
and unpublished literature was not associated with assessing outcome reporting bias. All the studies
which assessed outcome reporting bias performed quality assessment of individual studies; therefore,
the variable was not included in the regression analysis. In the multivariable analysis, two variables were
found to be significantly associated with assessing outcome reporting bias: (1) author mentioning the
use of GRADE and (2) being an intervention review (see Table 7). Lack of pre-registered protocols was
frequently reported as a major barrier to adequately assessing outcome reporting bias.
TABLE 7 Factors associated with the assessment of outcome reporting bias
Factor
Assessed outcome
reporting bias, n (row %) Univariable Multivariable
Yes (N= 34) No (N= 166) OR (95% CI) p-value OR (95% CI) p-value
Number of included studies, n (%)
< 10 (n= 43, 22%) 14 (33) 29 (67)





Meta-analysis included, n (%)
No (n = 157, 78%) 21 (13) 136 (87)





Design of included studies, n (%)
Mixed (n= 164, 82%) 17 (10) 147 (90)
RCT and controlled
trials (n = 36, 18%)
17 (47) 19 (53) 7.74
(3.39 to 17.75)
< 0.0001 Not included
Searched grey/unpublished literature, n (%)
No (n = 97, 49%) 12 (12) 85 (88)





Quality assessment performed, n (%)
No (n = 43, 22%) 0 (0) 43 (100) Not included in regression analysis (all reviews which
assessed outcome reporting bias performed quality
assessment)Yes (n= 157, 78%) 34 (22) 123 (78)
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TABLE 7 Factors associated with the assessment of outcome reporting bias (continued )
Factor
Assessed outcome
reporting bias, n (row %) Univariable Multivariable
Yes (N= 34) No (N= 166) OR (95% CI) p-value OR (95% CI) p-value
Authors mentioned using GRADE
No (n = 177, 88%), n (%) 21 (12) 156 (88)
















Journal endorses systematic review guideline, n (%)
No (n = 60, 30%) 5 (8) 55 (92)





Reviewers reported using systematic review guideline, n (%)
No (n = 127, 63%) 12 (9) 115 (91)





Type of review, n (%)
Association
(n = 100, 50%)
4 (4) 96 (96)
Intervention
(n = 100, 50%)
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Chapter 5 In-depth case studies on the
applicability of methods for detecting and
mitigating publication and related biases
in HSDR
In the absence of comprehensive registration of HSDR and accessible study protocols for directidentification and verification of publication and related biases, statistical methods remain key tools
for facilitating the detection and mitigation of publication and related bias when quantitative evidence
from HSDR is synthesised. Methods, such as funnel plots, are widely used in systematic reviews,
including those of HSDR topics, as shown in Chapters 3 and 4. As with any statistical techniques, these
methods are based on certain assumptions, the violation of which could impact on the validity of their
results. Although there is a large volume of empirical evidence and methodological research in the use
of these methods for detecting and mitigating publication and related biases in clinical research, our
systematic review in Chapter 3 reveals that there is paucity of literature concerning the practical
application of these methods in HSDR. This chapter aims to fill in this gap in evidence by exploring
issues concerning the applicability of these methods in HSDR through the use of in-depth case studies.
Four case studies are described in this chapter:
1. case study 1 – association between weekend and weekday admissions and hospital mortality66
2. case study 2 – relationships between organisational culture, organisational climate and nurse
work outcomes52
3. case study 3 – the effect of electronic prescribing on medication errors and adverse drug events67
4. case study 4 – effects of standardised hand-off protocols on information relay and patient, provider
and organisational outcomes.68
The cases were chosen from topics of general interest to HSDR stakeholders, with the aims of
illustrating problems, issues and potential solutions pertinent to different aspects of health services
research when applying statistical methods for assessing publication and related biases.
Case study 1: association between weekend/weekday admissions and
hospital mortality (Chen et al.66)
Description of the case
This systematic review evaluated international literature on the ‘weekend effect’, defined as ‘differences
in patient outcomes between weekend and weekday hospital admissions’.66 The authors meta-analysed
quantitative estimates of the weekend effect on mortality following hospital admissions, and explored
factors that influence the magnitude of estimated weekend effect using meta-regression and subgroup
analyses. The review focused on unselected (hospital-wide) admissions; studies that focused on admissions
associated with specific disease condition(s) were excluded. This case study represents an association
review drawing evidence primarily from observational studies carried out using routine administrative
databases of health service activities.
The stated review question was:
What is the magnitude of the weekend effect associated with hospital admission, and what are the likely
mechanisms through which differences in structures and processes of care between weekdays and
weekends contribute to this effect?
Chen et al.66
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The review was carried out as part of a mixed-methods synthesis, which also incorporated a framework
synthesis (a qualitative method that allows the development and refinement of a conceptual model using
emerging findings from evidence being reviewed).69
The review included 68 studies examining the weekend effect quantitatively on mortality, adverse
events, length of stay and patient satisfaction. However, quantitative meta-analyses carried out in the
review focused only on comparing the mortality following weekend admissions with that following
weekday admissions.
Methods adopted in the original publication
Sources searched
Seven databases, MEDLINE, EMBASE, Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Health Management Information Consortium, Electronic Theses Online Service (EThOS),
Conference Proceedings Citation Index (CPCI) and The Cochrane Library, were searched from year
2000 onwards in April 2015. The MEDLINE search was updated in November 2017.
Inclusion of grey and unpublished literature
Conference abstracts and grey literature were excluded because of the difficulty in assessing risk of bias.
Methods for assessing publication and reporting bias
A funnel plot was constructed to assess potential publication and reporting bias, and other small study
effects. A data augmentation approach,70 in which studies are assumed to be missing with probabilities
that are a function of their lack of statistical significance, was adopted in order to derive a pooled
estimate ‘adjusted for’ publication bias caused by the assumed missing studies.
Main review findings and findings and statements related to publication and related bias
The pooled OR obtained from a Bayesian meta-analysis for weekend mortality effect was 1.16 [95%
credible interval (CrI) 1.10 to 1.23; I2 16%, 95% CrI 0% to 62%]. The funnel plot for this analysis appeared
asymmetrical and some statistical heterogeneity between studies of large sample sizes was noted. Given this
apparent funnel plot asymmetry, a sensitivity analysis using a data augmentation approach (which ‘adjusted
for’ the asymmetry assuming that it was caused by publication bias) was performed, and this lowered the
pooled OR by a small amount, from 1.16 to 1.11 (95% CrI 1.08 to 1.13). The finding suggested that, if the
observed funnel plot asymmetry was caused by publication bias and if those ‘missing’ unpublished studies
were to be included in the analysis, the estimated increase in the odds of death associated with weekend
admissions compared with weekday admissions would reduce from 16% to 11%.
The authors also carried out meta-regression and subgroup analyses to explore potential factors
influencing the estimated weekend effect. Multivariate meta-regression indicated that the estimated
weekend mortality effect was larger for studies including elective admissions and smaller for studies
including maternity admissions, and that studies incorporating measures of acute physiology (which
are likely to better reflect the urgency and severity of a patient’s condition at admission, but which
are usually not available in health service databases for administrative purpose) tend to report smaller
weekend mortality effects that are closer to null. Subgroup analyses using data from both between-
and within-study comparisons corroborate these findings, but also highlight that substantial statistical
heterogeneity exists within individual types of admissions. The authors of the review concluded that
the estimates of the weekend effect were influenced by ‘many clinical (case mix), service (e.g. route of
admission) and methodological (e.g. statistical adjustment and data completeness) factors’.66 Outcome
reporting bias was not assessed in this review.
Comments and further exploration of different methods
As the Bayesian meta-analysis and data augmentation approach used by the review authors are
technically demanding, we reapply other commonly used (frequentist) statistical methods to explore
their applicability in HSDR scenarios.
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Egger’s test, Begg and Mazumdar’s rank correlation test, and trim and fill method
Egger’s regression test40 (in which the standardised effect estimate is regressed against its standard
error) suggested no funnel plot asymmetry (p = 0.686), whereas Begg and Mazumdar’s rank correlation
test41 (which is a test of correlation between the ranks of effect sizes and the ranks of their variances)
indicated a strong small study effect (p = 0.004). These results are surprising, as the statistical power is
usually greater for Egger’s regression test than for Begg and Mazumdar’s rank correlation test. The above
results are likely due to the fact that most of the studies have very small standard errors (very large
sample sizes). The lack of studies with large standard errors (small sample sizes) and, hence, a spread
of studies with varied sample sizes makes the regression test unreliable but Begg and Mazumdar’s rank
correlation test is less affected owing to its non-parametric nature. Application of the trim and fill
procedure resulted in little change in the overall estimate (meta-analysis with missing studies filled,
OR 1.15, 95% CI 1.11 to 1.20); this is probably because any effects of ‘filling’ missing studies would
be minor considering the weight given to studies with very large sample sizes based on data from
population databases.
The above example highlights an important technical requirement for the appropriate use of funnel
plot and related methods, that is, the studies cannot be mostly of similar sample sizes.26 Failure to
meet this requirement may occur in HSDR, for which studies often rely on analyses of data from large
administrative databases.
A further issue arises when studies draw data from population databases that essentially cover the
entire population or health system, such as the English Hospital Episode Statistics. The concept of
sampling error that underpins a funnel plot becomes irrelevant if a study has access to and utilises
whole-population data. Publication bias associated with smaller studies (e.g. based on data from a
region or a few hospitals within the population) may seem irrelevant, as these studies represent
repeated analyses of a fraction of the same data (admissions) and could be regarded as redundant.
However, an important issue to consider here is that, unlike RCTs of interventions, in which large
sample sizes tend to confer a high level of methodological rigour and hence a low level of bias,
observational studies based on whole-population data do not necessarily confer the same advantage
over smaller studies that are based on bespoke data collected locally. Indeed, the contrary may be true.
For example, the weekend mortality effect is hypothesised to reflect the effect of differential care
quality between weekend and weekday, but this assertion is valid only if potential confounders, such as
differential case mix in patients admitted between weekends and weekdays, have been accounted for.
It has been speculated that the weekend mortality effect demonstrated in studies based on large
administrative databases may be, at least in part, attributed to unmeasured (and thus unadjusted)
differences in the frailty and urgency of patients admitted at weekends and on weekdays, and
emerging evidence conducted by independent research groups has shown that the estimated weekend
effect attenuates when data (not usually available in administrative databases) reflecting patients’
acute physiology or admission context are taken into account.71–73
In such a scenario, in which an association may exist between estimated effect sizes and sample sizes,
but for a different reason and in a different form from what is expected of funnel plot asymmetry
caused by publication bias, use of funnel plot and related methods and interpretation of their findings
require further caution.
A further issue, which is commonplace in HSDR, and which is another important consideration in the
application of funnel plot and related methods, is the existence of heterogeneity between studies.26
The authors of this weekend effect review focused on hospital-wide studies and excluded studies that
examined only condition-specific hospital admissions. This might have helped to reduce statistical
heterogeneity between studies. Nevertheless, heterogeneity associated with differences in clinical
(e.g. emergency vs. elective vs. maternity admissions; different geographic locations) and methodological
factors (e.g. variables included in statistical adjustment; variation in outcome measures, such as inhospital,
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7- or 30-day mortality, definition of weekends, etc.) between the included studies is still evident, as shown
in Figure 7a, in which many studies lie outside the 95% confidence limits, indicating that they were not
measuring a common effect.
Heterogeneity poses an issue for the use of funnel plots and related methods, as it confounds the
association between effect size and sample size. For example, studies that include only elective admissions
are likely to have smaller sample sizes than studies that cover all types of admissions (both emergency
and elective). If the weekend effect is more pronounced among elective admissions than other types
of admissions, an association between sample size and effect size may be observed, even if there is no
publication bias. Attributing the funnel plot asymmetry to publication bias and attempts to ‘correct’ for this
purported bias could therefore be misleading.
There are a couple of ways to further investigate whether apparent funnel plot asymmetry may be
attributed to publication and reporting bias, or is likely to be caused by other factors, such as heterogeneity.
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FIGURE 7 Funnel plots for the meta-analysis of weekend mortality effect. (a) Funnel plot showing 95% confidence limits
(dashed lines), centred at the fixed-effect pooled estimate and a fitted regression line for Egger’s test; and (b) contour-
enhanced funnel plot showing contours of different levels of statistical significance, centred at null effect (OR= 1, or
log-OR = 0 as shown here).
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publication bias, the ‘missing’ (presumably unpublished) studies that could have made the funnel plot
symmetric would have lain within the area corresponding to non-significant results (p > 0.05, the dark
grey and white areas in Figure 7b), which seems likely here. In addition, p-hacking and reporting bias could
also result in a higher density of (published) studies appearing in the area corresponding to borderline
statistical significance (the area within and surrounding 1%< p< 5%), which is not apparent here. Another
way is to produce funnel plots by study-level features that might create distinct subgroups contributing to
the heterogeneity. Figures 8 and 9 show funnel plots in which studies are sorted by whether or not they
included elective admissions and maternity admissions, respectively. Overall, the asymmetry appears to
be more profound in studies including elective admissions and in studies excluding maternity admissions.
These suggest that the degree of funnel plot asymmetry may differ within different types of admissions,
but the asymmetry observed in the pooled analysis is unlikely to be purely caused by inclusion of
different types of admissions.
Meta-regression
A further approach to investigating publication and related bias is to use meta-regression to examine
the presence or absence of an association of between effect sizes and the sample sizes of individual
studies (this is similar to Egger’s regression test), while simultaneously controlling for other study-level
variables. The authors of the systematic review carried out a meta-regression, although sample size
was not included as one of the covariates in the analysis. We replicated the meta-regression, including
variables initially included by the review authors, and then added the total study sample size as a
binary variable (categorised into two groups of greater or less than 3 million hospital admissions).
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FIGURE 9 Funnel plot with pseudo-95% confidence limits of the weekend effect, sorted by whether individual studies
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FIGURE 8 Funnel plot with pseudo-95% confidence limits of the weekend effect, sorted by whether individual studies
include or exclude elective admissions.
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The analysis suggested that estimates obtained from larger studies with a total sample size of > 3 million
hospital admissions showed a weekend effect approximately 8% larger than those obtained from studies
of smaller sample sizes. This is in contrast with evidence from randomised trials, which tend to show
that larger studies tend to report smaller effects.12 A possible explanation is that smaller studies were
able to make better statistical adjustment, with additional data not available from administrative
databases. However, the completeness of statistical adjustment (based on review authors’ judgement)
was taken into account in the meta-regression reported in the review. Although the level of statistical
adjustment did not appear to significantly influence effect size in the analysis, it remains a possibility
that the review authors’ judgement did not properly capture adequacy of statistical adjustment and,
hence, the existence of residual confounding between bias related to adjustment, sample size and effect
size. Finally, the finding from this meta-regression is exploratory. It could simply be a chance finding and,
therefore, needs to be treated with great caution.
Application and applicability of p-curve
The risk of p-hacking may be particularly high in studies involving analysis of large data sets with many
different variables, such as the ones included in the weekend effect systematic review. We therefore
used the p-curve technique to explore the potential occurrence of p-hacking.2 First, we calculated
corresponding p-values for the 119 estimates (adjusted ORs and their CIs) of the weekend effect
included in the above meta-regression, using the approximation method described by Altman and
Bland,74 and then created a p-curve using the online application provided by Simonsohn et al.43 The
p-curve (Figure 10) suggests that, based on the estimates from included studies, the weekend effect
does exist (the curve peaks on the left), but there is no evidence of p-hacking (there is no peak on the
right close to p = 0.05).
TABLE 8 Meta-regression to explore the relationship between study sample sizes and estimated effect sizes, adjusting
for other potential factors that could influence the estimated weekend effect
Variable Exponential (β) Standard error p-value 95% CI
Sample size > 3 million admissionsa 1.078 0.375 0.033 1.006 to 1.155
Statistical adjustment categoryb
1 and 2a 1 Reference
2b 1.047 0.091 0.601 0.881 to 1.243
3 1.125 0.964 0.171 0.950 to 1.334
4 1.123 0.094 0.168 0.952 to 1.325
Year 1.001 0.003 0.769 0.994 to 1.008
Inclusion of elective admissions 1.301 0.561 < 0.001 1.194 to 1.417
Inclusion of surgical admissions 0.984 0.072 0.822 0.850 to 1.138
Inclusion of maternity admissions 0.824 0.032 < 0.001 0.764 to 0.889
Intercept 1.015 0.114 0.896 0.812 to 1.268
a Study sample size refers to the total sample size of the study from which the samples for individual effect estimates
were drawn, not the sample size based on which individual effect estimate was calculated. The study sample
sizes were dichotomised into greater or less than 3 million admissions, which were approximate to the median
sample sizes.
b Statistical adjustment categories: 1 and 2a, adjusted for measures of acute physiology; 2b, not adjusted for acute
physiology but adjustment was otherwise adequate; 3, partial adjustment; and 4, inadequate adjustment.
Notes
Total n = 119 weekend effect estimates.
One study can contribute to multiple estimates. Exp(β) is the regression coefficient exponentiated so that it can be
interpreted as the OR compared with a reference category or per unit increment (e.g. for each later year).
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The p-curve is a relatively new tool and, thus, its validity and utility are still subject to debate and
require further empirical testing.75,76 Our exploratory analysis provides some assurance that p-hacking is
not evident among the literature included in the weekend effect systematic review. It is plausible that
with very large sample sizes available from administrative databases and myriad variables/groups that
can be analysed, it would not be necessary to resort to p-hacking to obtain a statistically significant
finding to report. On the other hand, the strong right-skewness does not necessarily confirm the
existence of a true ‘weekend effect’; as Bruns and Ioannidis76 demonstrated in their simulation study,
the p-curve cannot distinguish true effects from null effects in the presence of even a minimal level of
unaccounted confounding, which is a likely scenario in the case of studies of the weekend effect.
Key summary points
l This case study explores issues that might need to be considered when using statistical techniques
to assess publication and reporting biases in systematic reviews in which most of the included
studies are based on analyses of administrative databases of health service activities.
l Funnel plots highlighted the lack of studies of smaller sample sizes and showed a high level of
statistical heterogeneity between studies of very large sample sizes. Both features may compromise
the validity of funnel plots as a tool for detecting publication bias.
l Two commonly used tests (Egger’s regression test and Begg and Mazumdar’s rank correlation test)
produced discrepant results. The use of Egger’s regression test might be particularly problematic
given the lack of small studies.
l In contrast to evidence from RCTs, in which larger studies tend to report smaller effects, studies of
larger sample sizes tended to report larger effects in this case study. The possibility that large
database studies might suffer from a higher level of bias (due to lack of required information to
adequately adjust for confounders) than smaller studies (which may be able to access detailed
clinical data) could not be ruled out.
l Adjustment of pooled estimates based on imputation of ‘missing’ small studies had little impact,
given the negligible weight assigned to them compared with large database studies. Such
adjustment might also be inappropriate if the underlying assumption that funnel plot asymmetry
was caused by publication bias was invalid.
l Investigation of publication bias might be secondary to identification of the sources of statistical


























   Power estimate: 99% CI (99% to 99%)
Null of no effect
   Tests for right-skewness: pFull < 0.0001, pHalf < 0.0001
Null of 33% power
   Tests for flatness: pFull > 0.9999, pHalf > 0.9999, pBinomial > 0.9999  
FIGURE 10 p-curve for estimates of the weekend effect included in meta-regression. The observed p-curve includes 82
statistically significant (p < 0.05) results, of which 78 are p < 0.025. There were 37 additional results entered but excluded
from p-curve because they were p > 0.05.
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Case study 2: relationships between organisational culture, organisational
climate and nurse work outcomes (Fang52)
Description of the case
This case study is based on a Doctor of Philosophy (PhD) dissertation, in which a systematic review
was undertaken to assess the relationships between organisational culture, organisational climate and
nurses’ job satisfaction and nurses’ turnover in hospitals the USA, and to examine moderators that
influence such relationships.
Organisational culture was defined in the systematic review as ‘a pattern of shared assumptions
among organizational members that guides the formation of managerial practices and members’
behaviours to achieve external adaptation and internal integration of an organization in order to
maintain the organization’s survival and growth’.52 To facilitate analyses, the author mapped different
measures of organisational culture to the three cultural patterns identified by the Organisational
Culture Inventory:77 (1) constructive culture, (2) passive and defensive culture, and (3) aggressive and
defensive culture.
Organisational climate was defined as ‘members’ perceptions of managerial practices in the work
unit that direct members’ work-related behaviours’ in an organisation.52 Measures of organisational
climate were mapped to the five elements described in the ‘model of climate, culture, and productivity’
proposed by Kopelman et al.:78 (1) goal emphasis, (2) means emphasis, (3) reward orientation, (4) task
support and (5) socioemotional support. An additional measure of ‘global climate’ was also adopted.
Overall, the review covered 23 relationships between different measures of organisational culture and
climate and job-related outcomes for nurses:
l association between each of the three patterns of organisational culture described above and
job satisfaction
l association between each of the six elements/measures of organisational climate described above
and nurse job satisfaction
l association between each of the three patterns of organisational culture and nurse turnover,
measured at two different levels (rate of turnover at hospital level and turnover intent at individual
level), thus creating six pairs of association)
l association between five of the six elements/measures of organisational climate (excluding goal
emphasis climate as no study was found) and nurse turnover (all measured at individual level)
l association between the three patterns of organisational culture and global climate (as no study was
found for individual elements of organisational climate).
When data were available, the contribution of the various study characteristics and contextual
factors towards variation in the magnitudes of these associations was explored using subgroup
analyses. Factors that were examined included measurement instrument (Organisational Culture
Inventory or other), publication year, whether or not hospital was under redesign, number of
hospitals (one or more than one), professional level (registered nurse, manager or mixed), type of
nursing unit (medical, surgical, intensive care unit or obstetrics, gynaecology or multiple), whether
or not psychiatry units were included, US region, whether or not the survey was given by manager,
whether or not the survey was collected at work, adoption of random sampling and quality rating
of the study. Estimates of association from individual studies were transformed into a standardised
effect size and pooled using both fixed- and random-effects modelling for each of the associations
examined. Effect sizes were interpreted as < 0.30, small effect; between 0.30 and 0.49, medium
effect; and ≥ 0.50, large effect.
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Methods adopted in the original publication
Sources searched
Thirty-five computer databases were searched. Reference lists of primary studies included in the
review were also checked. For publications in which the desired effect sizes were not provided,
authors were searched in computer databases to identify other relevant publications and authors were
also contacted by letter to request relevant data, when necessary.
Inclusion of grey and unpublished literature
The review included both published and unpublished studies, although unpublished studies were limited
to doctoral dissertations. The dissertations were identified from computer databases. Overall, the review
included 32 primary studies, covering 15 unpublished doctoral dissertations and 17 published journal
articles.
Methods for assessing publication and reporting bias; subgroup and sensitivity analyses
When data were available, a funnel plot was constructed and a ‘fail-safe N’ was calculated for each of the
associations examined. Fail-safe N is the number of studies with a null result (or a specified effect size)
that would be required in a meta-analysis to render a statistically significant finding insignificant.79 A
large fail-safe N suggests that a large number of (unpublished) studies with null result (or a specified
effect size) would be required to overturn the observed effect and association and, therefore the finding
is robust and is unlikely to be influenced by publication bias (and vice versa). In addition, the author
undertook subgroup meta-analyses based on the sources of included studies (journal articles vs. doctoral
dissertations), and thus provided an opportunity for comparing published and unpublished studies.
Main review findings and findings and statements related to publication bias
Of the 23 associations examined, 14 were found to be statistically significant. Of these, the effect size was
considered large for only one association (global climate and job satisfaction, effect size 0.51, 95% CI 0.41
to 0.60, I2= 88%), medium for seven and small for six associations (see Appendix 7 for further details).
The total number of studies available for each association ranged from one to 12, and the original
author was unable to formally assess publication bias for 13 of the associations owing to the small
number of studies. For the remaining 10 associations, the author constructed a funnel plot for each of
them and calculated a fail-safe N for which the pooled estimate of the association was found to be
statistically significant. In addition, the author compared the pooled effect size from journal articles
with that from (unpublished) doctoral dissertations in subgroup analyses and calculated a fail-safe N for
each of these two subgroups. The findings are summarised in Table 9.
Of the 10 associations for which publication bias was assessed, the original author suggested that there
was no publication bias for six of these, according to funnel plots, comparison of pooled estimates
between journal articles and doctoral dissertations, and the values of fail-safe N calculated (see Table 9).
Publication bias was suspected for three of the associations, and for one of the associations the author
indicated that more studies were required. The pool estimates between published journal article(s) and
doctoral dissertation(s) differ significantly (based on test of homogeneity between subgroups) for two of
the 10 associations. However, in both cases there was only one study in the journal article subgroup
and, therefore, the findings need to be interpreted with caution. In addition, in both cases the estimated
effects were in the same direction (showing a positive association), and the estimates based on
unpublished doctoral dissertations showed larger effects than those based on the published journal
article. Consequently, publication bias was not suspected in either case. The author also cautioned that
the meta-analyses might be susceptible to reporting bias.
Comments and further exploration of different methods
This case study illustrates a common scenario in HSDR, in which associations between abstract
concepts, such as organisational culture, organisation climate and job satisfaction, are explored.
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(all studies) Fail-safe N Funnel plotb Original author’s comments
Constructive culture and
job satisfaction
Journal: 5 (6) 0.34 (0.23 to 0.43) p = 0.49 894 289 Symmetrical No publication bias is suggested
Dissertation: 5 (6) 0.40 (0.24 to 0.55) 161
Passive/defensive culture
and job satisfaction
Journal: 4 (5) –0.29 (–0.45 to –0.12) p = 0.08 152 134 Asymmetrical More studies are required
Dissertation: 5 (6) –0.02 (–0.27 to 0.22) NAc
Aggressive/defensive
culture and job satisfaction
Journal: 5 (6) –0.22 (–0.28 to –0.16) p = 0.53 204 105 Symmetrical No publication bias is suggested
Dissertation: 3 (3) –0.26 (–0.36 to –0.15) 14
Global climate and job
satisfaction
Journal: 1 (1) 0.34 (0.22 to 0.45) p = 0.007 897 NRd Symmetrical No publication bias is suggested
Dissertation: 5 (5) 0.54 (0.44 to 0.63) 743
Mean emphasis climate
and job satisfaction
Journal: 6 (7) 0.42 (0.23 to 0.58) p = 0.63 1155 174 Symmetrical No publication bias is suggested
Dissertation: 6 (7) 0.37 (0.29 to 0.45) 424
Reward orientation climate
and job satisfaction
Journal: 1 (2) 0.34 (0.18 to 0.48) p = 0.02 211 NRd Not an exact funnel
shape
No publication bias is suggested
Dissertation: 3 (3) 0.52 (0.46 to 0.58) 142
Task support climate and
job satisfaction
Journal: 1 (2) 0.20 (0.03 to 0.36) p = 0.46 133 NRd Not a funnel shape No publication bias is suggested
Dissertation: 3 (4) 0.31 (0.08 to 0.51) 96
Socioemotional support
climate and job satisfaction
Journal: 2 (3) 0.25 (0.01 to 0.46) p = 0.17 713 577 Not a funnel shape Except the subgroup of journal articles,
no publication bias is suggested
Dissertation: 6 (7) 0.44 (0.28 to 0.58)
Mean emphasis climate
and turnover
Journal: 3 (3) –0.22 (–0.56 to 0.20) p = 0.63 12 NAc Missing smaller studies
of lower effect sizes
Suggested presence for
publication bias
Dissertation: 1 (1) –0.11 (–0.24 to 0.02) NAc
Socioemotional support
climate and turnover
Journal: 2 (2) –0.04 (–0.15 to 0.07) p = 0.37 0e NAc Missing smaller studies
of lower effect sizes
Suggested presence for
publication bias
Dissertation: 1 (1) 0.12 (–0.24 to 0.01) NAc
NA, not applicable; NR, not reported.
a Some of the included studies contributed two effect sizes in the meta-analyses.
b Based on the original author’s interpretation.
c Fail-safe N can be calculated only when the pooled effect size is statistically significant.
d The original author did not calculate fail-safe N, as there was only one study in this subgroup (although, in theory, this could be calculated).
























































As exemplified in the case, quantitative measurement of these concepts and synthesis of evidence from
these association studies face many challenges, including diverse measurement tools that may cover
different domains or components of a concept, measurements made at different levels (e.g. individual
or hospital level), lack of standardised terminology, diverse contexts in which the associations are
measured and the large number of factors that could potentially modify these associations. Consequently,
evaluation of associations between an apparently small number of concepts could rapidly expand into
examination of a large number of associations between variables that represent different domains and
measurement approaches for these concepts. There are some key implications in relation to publication
and related bias:
l The large number of associations that may be examined in individual studies creates a theoretical
risk of selective outcome reporting of only statistically significant findings. However, a possible
counterargument would be that the examination of a large number of association increases the
chance that at least one statistically significant finding would be observed and, thus, publication
bias associated with completely null findings would be reduced. In addition, exploration of such
associations is often guided by theories, and observations both conforming to and disagreeing with
existing theories may be considered of interest, irrespective of statistical significance.
l The large number of decisions that researchers have to make during the data analysis process, such
as the choice of measurement instruments and unit, inclusion, exclusion and grouping of individuals
in the collected sample, selection of variables for statistical adjustment and so forth, creates a
‘garden of forking paths’, as described by Gelman and Loken,80 in which researchers have a large,
and potentially unknown, ‘degree of freedom’ in making decisions contingent on data in the process
of data analyses, resulting in a problem similar to multiple comparison even without p-hacking.
p-values (statistical significance) of analyses from such exploratory analyses should therefore be
interpreted more cautiously.
l Attempts to divide evidence and studies into more refined and homogeneous groups based on
conceptual domains or contextual factors during evidence synthesis tend to result in a smaller
number of studies being included in each meta-analysis. This reduces precision and increases
uncertainty of individual effect estimate, and hampers the applicability and usefulness of statistical
methods such as funnel plots, for detecting publication and reporting bias.
Given the above, caution is required in the interpretation of findings in the assessment of publication
bias presented in this case study. First, for the associations for which a funnel plot was constructed
by the original author, the number of studies included for each association was no more than 12,
with several associations including less than the minimum number of 10 studies recommended for
using funnel plot.26 The determination of funnel plot symmetry was likely to be very subjective and
potentially unreliable.
Second, the method of fail-safe N focuses primarily on statistical significance, and the calculation is
heavily dependent on the assumed effect size of unpublished studies (zero in the current case study).
Its use is therefore not recommended by the Cochrane Collaboration, and judgement of the presence
and absence of publication bias based on fail-safe N was better avoided.
Despite these caveats, the original author undertook a very comprehensive search of the literature, and
the comparison of data from published journal articles with unpublished doctoral dissertations provided
a unique opportunity and stronger evidence for assessing potential publication bias. Although there
appeared to be no indication of a high level of publication bias mediated by observed strength of
association, the volume of evidence was inadequate for many of the associations examined and,
therefore, the lack of evidence of publication bias should not be equated to evidence of no publication
bias until further evidence has been accrued.
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Case study 3: the effect of electronic prescribing on medication errors and
adverse drug events (Ammenwerth et al.67)
Description of the case
This case study was based on a systematic review that aimed to determine the effect of electronic
prescribing on the risk of medication errors and adverse drug events, and to analyse the factors
contributing to those effects. The review covered all settings (e.g. inpatient and outpatient) and all
patient groups, but focused on systems of which physicians were the primary users (i.e. excluding
studies with pharmacists or nurses as the primary users). Studies which provided quantitative empirical
evidence on the effectiveness of electronic prescribing systems on the outcomes of interest were
included. RCTs, non-RCTs, before-and-after and time series were all eligible, whereas studies based
on laboratory experiments and simulation, as well as those that did not focus primarily on medication
errors or adverse drug events, were excluded. This case study provides an example from the prominent
area of using technologies to improve service delivery. Components of such interventions may vary
substantially between different locations and may evolve over time. The interventions may have a
generic effect across different services and patients, but their effects may be difficult to measure owing
to the infrequent occurrence of the events (which could have serious consequences) that they aim to
prevent or reduce, such as medication errors and adverse events.
Methods adopted in the original publication
Sources searched
Electronic databases MEDLINE and EMBASE were searched, and the authors examined reference lists of
relevant reviews identified from the Cochrane Database of Systematic Reviews. Three journals were also
hand-searched: Journal of the American Medical Informatics Association, International Journal of Medical
Informatics and Methods of Information in Medicine (1990–2006). In addition, reference lists of all
retrieved articles were examined. Searches were conducted in 2006 without any language restriction.
Inclusion of grey and unpublished literature
The review included only published studies.
Methods for assessing publication and reporting bias; subgroup and sensitivity analyses
Methods of assessing publication bias were not described in the published article of the systematic
review. However, the authors mentioned publication bias in their discussion and highlighted this as a
potential issue in more detail in a separate publication.81 Outcome reporting bias was not assessed.
Several subgroup analyses were performed for the outcome of medication errors using subgroups
defined a priori, including the clinical setting (inpatient, outpatient or intensive care), patient group,
type of drugs, type of system (home grown or commercial), functionality (no, limited or advanced
decision support), study design and method to detect errors in order to explore factors that may
influence intervention effectiveness.
Main review findings and findings and statements related to publication bias
The literature search identified 172 evaluation studies, but only 27 met the review’s inclusion criteria.
Fifteen of these evaluated medication errors only, two assessed adverse drug events only and
10 reported on both medication errors and adverse drug events. The majority of the studies were
before-and-after and time series studies. Only two included studies were RCTs.
Meta-analyses were not carried out due to substantial heterogeneity between included studies.
Twenty-three studies (out of 25 studies) on medication errors showed statistically significant reduction
with the intervention, but the risk ratios compared with control groups ranged from 0.01 (99% relative
risk reduction) to 0.87 (13% relative risk reduction). Six out of nine studies on potential adverse drug
events (defined as ‘medication errors with significant potential to harm a patient that may or may not
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actually reach a patient’) reported a statistically significant risk reduction, with risk ratios ranging
from 0.02 to 0.65. Four of the six studies with data on adverse drug events reported a statistically
significant risk reduction, with risk ratios ranging from 0.16 to 0.70. Although no meta-analysis was
conducted, the authors plotted effect estimates for different subgroups separately in forest plots. These
suggested that intervention effects may differ between home-grown and commercial systems, between
electronic prescribing and hand-written ordering, between systems with different levels of decision
support functions and manual chart review and automated database analysis as the methods for detecting
medication errors. Nevertheless, substantial heterogeneity persisted within most of the subgroups.
No findings in relation to publication bias were reported in the review article, but the authors stated
that ‘in our CPOE [computerised physician order entry] meta-analysis, the funnel plot showed a slight
asymmetry, which may indicate a potential publication bias’ in the related publication.81
Comments and further exploration of different methods
Electronic prescribing systems are one of the archetypal generic service interventions that have been
evaluated in HSDR. Quantitative assessments of the effectiveness of such interventions and synthesis
of this body of evidence are fraught with challenges, including lack of standardised terminology and
outcome measures, inadequate quality of study design and reporting, and a high level of heterogeneity
between studies, as the authors highlighted in their reflection of undertaking the systematic review.81
In addition, they pointed out several pertinent issues which, in combination with or as a contributor
towards publication bias, may lead literature included in such a review to largely represent the maximum
effectiveness of the intervention in favourable conditions, rather than a representative range of possible
(both positive and negative) effects. These include preferential publication and reporting of positive
rather than negative results by developers or sponsors of the technologies due to conflict of interest;
researchers reporting and publishing findings only after a (potentially long) optimisation process has
been completed; and the tendency of published findings to be generated from atypical, so-called ‘alpha
sites’,82 where staff are highly motivated and strong technical and financial support is available. Findings
from meta-analyses of the evidence, if undertaken, are therefore likely to overestimate intervention
effectiveness in a representative setting.
The high level of heterogeneity among studies included in this systematic review means that
application of funnel plots and other statistical methods is unlikely to be informative. The number of
available studies is too small for the application of techniques such as meta-regression. Consequently,
being aware of the caveats highlighted above when interpreting evidence may be the best approach
for evidence reviewers and users before a comprehensive study registry is established, which the
authors of the systematic review advocated.81
Case study 4: effects of standardised hand-off protocols on information relay,
patient, provider and organisational outcomes (Keebler et al.68)
Description of the case
This systematic review was conducted to determine whether or not implementing a standardised hand-off
(handover) protocol improves the process of hand-off (with regard to information being passed on
between care providers), and to evaluate its effects on patient, care provider and organisational outcomes.
The authors did not place any restrictions on clinical areas, type of hand-off protocols (e.g. this could
be mnemonics, checklists, protocols or computerised sign-out programs), study dates or study design,
other than a requirement that a study needed to have described an empirical investigation of a
standardised protocol and have reported sufficient data for calculating effect sizes.
Measures reported in studies included in the review were classified into four broad categories as
defined below.
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Hand-off outcomes
Measure of the amount of information passed between care providers (e.g. adequacy of patient
information provided to on-call residents).
Patient outcomes
Outcomes related to patients’ health or their opinions about their care (e.g. cardiopulmonary bypass
time, monitor alarms checked and adapted to patients’ status, mortality, length of stay and satisfaction).
Provider outcomes
Measures of providers’ performance or opinions, including their response to hand-off implementation
(e.g. satisfaction with the sign-out process, time spent on tasks and effects on interruptions).
Organisational outcomes
Outcomes related to higher levels of the organisation, including measures of culture and organisation-wide
improvements (e.g. leadership and culture to learn from errors).
Hedges’ g,83 which is one form of standardised mean difference calculated with a correction for bias
associated with small sample sizes, was computed for all reported outcomes, including both continuous
and binary measures. Meta-analyses were carried out using a random-effects model.
The review included 36 studies, all of which were of uncontrolled before-and-after design. The authors
reported the total sample size in terms of ‘measurement data points’, with 106,724 pre-intervention
measures and 97,642 post-intervention measures.
Methods adopted in the original publication
Sources searched
Four databases, MEDLINE, Sage, EMBASE and PsycINFO, were searched from inception up to and
including March 2015.
Inclusion of grey and unpublished literature
The authors initially did not search for grey literature, but after finding only a small number of studies
with null findings from the initial literature search they conducted another search on greylit.org, but
found no relevant articles. The authors also reported searching the World Health Organization
database of registered clinical trials, but found no study with relevant data.
Methods for assessing publication and reporting bias
Funnel plots were constructed to assess publication bias. The funnel plots were assessed visually and
by Egger’s test.
Main review findings and findings and statements related to publication bias
Among the 36 included studies, 27 studies assessed hand-off information (with 273 different measures
and variables reported among them), 16 studies assessed patient outcomes (with 66 different measures
reported), 13 studies assessed provider outcomes (with 85 different measures reported) and three
assessed organisational outcomes (with 26 different measures reported). Pooled estimates suggested
that standardised protocols are effective in improving hand-off outcomes (Hedges’ g 0.71, 95% CI 0.63
to 0.79, I2 = 83%), patient outcomes (Hedges’ g 0.53, 95% CI 0.41 to 0.65, I2 = 97%), provider outcomes
(Hedges’ g 0.51, 95% CI 0.41 to 0.60, I2 = 66%) and organisational outcomes (Hedges’ g 0.29, 95% CI
0.23 to 0.35, I2 = 14%).
The authors reported that funnel plots indicated publication bias for all four outcome categories.
Results of Egger’s test were statistically significant for all four corresponding funnel plots (p < 0.001).
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To further assess the potential impact of publication bias, the authors examined the articles included
in the meta-analyses to assess negative outcomes reported in the studies. They found that, although
many articles reported mainly positive effects, there are some instances in which the intervention
resulted in negative outcomes. Negative outcomes are reported in < 20% of the total variables
analysed for each outcome measure, 12% for hand-off information, 19% for provider outcomes,
18% for patient outcomes and 3% for organisational outcomes. It was not clear if low occurrence of
negative outcomes were due to under-reporting of negative outcomes.
Comments and further exploration of different methods
This review represents a laudable effort to synthesise available evidence concerning the effectiveness of
hand-off protocols on a comprehensive range of outcomes. The findings of predominantly positive effects
on the handover of information from uncontrolled before-and-after studies agree with the findings
of other systematic reviews on similar topics,84,85 but the overall effectiveness of these interventions,
in particular their effects on patient outcomes, has been questioned, particularly when the quality of
evidence is taken into account. It is beyond the scope of this case study to critically appraise these
systematic reviews and underlying evidence. However, two issues related to the methodological approach
adopted in the example selected for the case study merit further discussion. The first issue concerns the
approach to meta-analyses and corresponding funnel plots and the second issue relates to the use of
proportion of negative outcomes as an indicator for publication bias.We explicate these issues below.
It appears that, within each outcome category, the review authors had included multiple effect sizes
for multiple outcome variables in the same meta-analysis and funnel plot. For example, although
only three studies reported data for outcome variables within the organisational outcome category,
the meta-analysis and funnel plot for this outcome category included 26 effect sizes associated with
26 different organisational outcome measures reported in these studies. Most (23/26) of the effect
sizes and outcome measures were contributed by one of the three studies; the other two studies
contributed only one and two effect sizes. This approach departs from the usual practice for meta-
analysis, where each study contributes one effect size from one outcome measure towards the pooled
estimate to ensure independence of individual observations and to avoid double counting a study due
to reporting of multiple outcome measures. The pooled effect sizes reported in this review are likely
to have been driven, at least in part, by studies that measured and reported a large number of items
and outcome variables within a given outcome category and, therefore, were potentially inaccurate.
Similarly, as data points included in the funnel plots were not independent, the shapes of their distributions
and the results of Egger’s test based on the data could be unreliable.
The authors noted that only a very low proportion of results across all outcome categories were
‘negative’, and suspected publication bias as a potential reason behind this. As we highlighted in Chapter 3,
the proportion of studies or outcomes with negative findings is not a reliable measure of publication and
related bias, as this proportion depends on the nature of the intervention and outcome measure; one
would expect an approximately equal split of positive and negative findings from a random sample of
studies only if an intervention truly had no effect on the specific outcome. Nevertheless, the authors’
further examination of negative findings included in their meta-analyses unearthed the important issue of
including heterogeneous outcome measures (within an outcome category) in the same meta-analysis, as we
pointed out above. In this case, it appears that the negative findings were mainly associated with specific
items or measures, such as delay and increased duration of handover activities, and omission of relevant
information items not explicitly listed on the hand-off checklist. Rather than publication bias or selective
outcome reporting being the reason behind the low proportion of negative findings, the low proportion
of negative findings might have arisen from the standardised hand-off protocols having positive impacts
on most aspects of measured processes or outcomes, or alternatively because few studies had measured
the outcomes on which standardised hand-off protocols had negative impacts. Nevertheless, the findings
showed that potentially unintended effects could have gone unnoticed had people focused on the pooled
summary estimates derived from combining different outcome measures together.
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Chapter 6 Follow-up of HSDR study cohorts
for investigating publication bias
This chapter presents findings from WP 4, in which we followed up cohorts of HSDR studies toascertain their publication status and its association with their findings. Four study cohorts were
assembled from the studies funded by the NIHR HSDR programme and its predecessors (n = 100),
studies registered with the HSRProj database (n = 100), abstracts presented in the HSRUK (n = 50) and
ISQua (n = 50) conferences, as described in Chapter 2. Based on the nature of these cohorts, we also
refer to the NIHR and HSRProj cohorts collectively as the ‘inception cohort’, and the HSRUK and
ISQua cohorts collectively as the ‘conference cohort’.
Verification of publication status
After the initial online search for publications, we contacted investigators for 145 of the 300 studies in
order to verify their publication status. Investigators for 34 of these studies were unreachable, as we
were not able to find their contact details (n = 26) or the e-mails were undeliverable (n = 8). Thus, 111
investigators were contacted. The overall response rate was 60% (67/111) and this varied by cohorts:
NIHR, 79% (33/42); HSRUK, 60% (6/10); HSRProj, 50% (23/46); and ISQua, 38% (5/13). Of the 26
investigators whose contact details we could not obtain, 23 were from the ISQua cohort. Organisers of
the ISQua conference could not provide the contact details to us owing to data protection regulation,
but agreed to forward our information request to the abstract presenters so that they could contact us
directly. However, no response was received.
Characteristics of included cohorts of HSDR studies
The characteristics of included studies stratified by different cohorts are presented in Table 10.
In summary, 140 (47%) of the selected studies were intervention studies (inception cohort, 44%;
conference cohort, 53%). Of the intervention studies, just over one-third (36%) were RCTs (inception
cohort, 44%; conference cohort, 23%), but nearly two-thirds (62%) had a concurrent control group
(inception cohort, 77%; conference cohort, 38%). Two-thirds of studies (67%) used bespoke data
sources rather than using data from databases. The majority of the studies (79%) reported statistically
significant findings. Findings were judged to be positive in the same proportion (79%) of studies.
Publication status of included HSDR studies
Of all 300 studies, 62% were published in academic journals (inception cohort, 70%; conference cohort,
48%). Findings for 20% of the 300 studies were available as grey literature (inception cohort, 26%;
conference cohort, 8%). Fifty-three studies (18%) were unpublished (inception cohort, 4.5%; conference
cohort, 44%). The pattern of publication varied between individual cohorts (Figure 11). The highest
academic journal publication rate was observed in the HSRProj cohort (75%) and the lowest was in the
ISQua cohort (26%). All studies from the NIHR cohort were published either in academic journals or as
grey literature (technical reports available through the NIHR’s website), whereas results for 68% of the
ISQua were not published.
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Association 160 (53) 113 (56.5) 43 (43) 70 (70) 47 (47) 23 (46) 24 (48)
Intervention 140 (47) 87 (43.5) 57 (57) 30 (30) 53 (53) 27 (54) 26 (52)
Of intervention studies
Before and after 51 (36)a,b 19 (22)a 11 (19)a 8 (27) 32 (60)b 11 (41)b 21 (81)
With concurrent
control
87 (62)a,b 67 (77)a 45 (79)a 22 (73) 20 (38)b 15 (56)b 5 (19)
Non-RCT 90 (64) 49 (56) 25 (44) 24 (80) 41 (77) 18 (63) 23 (88)




96 (32)a 69 (35)a 37 (37)a 32 (32) 27 (27) 16 (32) 11 (22)
Bespokec 203 (67)a 130 (65)a 62 (62)a 68 (68) 73 (73) 34 (68) 39 (78)
Statistical significance
Non-significant 41 (14) 30 (15) 20 (20) 10 (10) 11 (11) 9 (18) 2 (4)
Significant 237 (79) 155 (77.5) 66 (66) 89 (89) 82 (82) 37 (74) 45 (90)
Unknown 22 (7) 15 (7.5) 14 (14) 1 (1) 7 (7) 4 (8) 3 (6)
Positivity of findings
Non-positive 52 (17) 42 (21) 18 (18) 24 (24) 10 (10) 9 (18) 1 (2)
Positive 237 (79) 150 (75) 74 (74) 76 (76) 87 (87) 38 (76) 49 (98)
Unknown 11 (4) 8 (4) 8 (8) 0 (0) 3 (3) 3 (6) 0 (0)
a Sufficient information could not be obtained for one study in the HSRProj cohort.
b Sufficient information could not be obtained for one study in the HSRUK cohort.
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FIGURE 11 Publication status of selected studies at follow-up.
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Factors associated with publication in academic journals
We explored factors associated with publication in academic journals for all studies and separately for
intervention studies, using logistic regression. The results are shown in Table 11. For the analysis
including all studies, being a study from the ISQua cohort was the only statistically significant factor
associated with a reduced odds of publishing in an academic journal in univariable analysis. Neither
statistical significance nor positivity of study finding was associated with publication in academic journals.
In multivariable analysis for all studies, studies from both the NIHR cohort and the ISQua cohort
were significantly less likely to be published in academic journals (compared with studies from
HSRProj cohort). In addition, studies with bespoke data collection were more likely to be published
in an academic journal than those utilising data from routine databases or surveys.
TABLE 11 Univariable and multivariable logistic regression exploring factors associated with publication of findings in
academic journals for included HSDR studies
Factor
Univariable analysis Multivariable analysis
OR (95% CI) p-value OR (95% CI)a p-value
All studies
Study cohort
HSRProj 1 (reference) 1 (reference)
NIHR 0.593 (0.322 to 1.090) 0.093 0.293 (0.138 to 0.619) 0.001
HSRUK 0.778 (0.365 to 1.656) 0.514 0.569 (0.230 to 1.411) 0.224
ISQua 0.117 (0.054 to 0.255) < 0.001 0.052 (0.021 to 0.131) < 0.001
Intervention study (vs. association study) 1.169 (0.731 to 1.869) 0.514 1.248 (0.688 to 2.266) 0.466
With bespoke data collection (vs. database
and routine surveys)
1.300 (0.790 to 2.137) 0.302 2.137 (1.169 to 3.907) 0.014
Statistically significant (vs. non-significant) 0.999 (0.496 to 2.009) 0.997 2.206 (0.979 to 4.971) 0.056
Positive finding (vs. non-positive) 1.586 (0.862 to 2.920) 0.138 3.151 (1.542 to 6.435) 0.002
Intervention studies
Study cohort
HSRProj 1 (reference) 1 (reference)
NIHR 0.413 (0.153 to 1.114) 0.081 0.211 (0.060 to 0.750) 0.016
HSRUK 0.568 (0.198 to 1.633) 0.294 0.437 (0.106 to 1.807) 0.253
ISQua 0.072 (0.023 to 0.221) < 0.001 0.036 (0.008 to 0.158) < 0.001
With bespoke data collection (vs. database
and routine surveys)
1.718 (0.761 to 3.877) 0.193 3.041 (1.016 to 9.100) 0.047
Statistically significant (vs. non-significant) 0.926 (0.381 to 2.254) 0.866 2.977 (0.927 to 9.558) 0.067
Positive finding (vs. non-positive) 1.242 (0.566 to 2.723) 0.589 3.413 (1.198 to 9.730) 0.022
With concurrent control (vs. before and after) 4.718 (2.224 to 10.009) < 0.001 2.453 (0.855 to 7.037) 0.095
RCT (vs. non-RCT) 3.200 (1.426 to 7.180) 0.005 Not includedb
a Adjusted for all other variables shown in the relevant part of the table, with the following exceptions: the variables
‘statistically significant’ and ‘positive finding’ were not included in the same model as they were highly correlated.
All multivariable ORs displayed were from a model that included ‘statistically significant’ (and excluded ‘positive
finding’), except the ORs for ‘positive finding’, which was obtained by including ‘positive finding’ in place of
‘statistically significant’ in the model.
b The variable was not included in multivariable analyses as it correlates perfectly with bespoke data collection and
concurrent control.
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Statistical significance and positivity of finding also appeared to be associated with increased odds of
publication in academic journals, having adjusted for the other factors.
Findings from analyses focusing on intervention studies identified similar factors associated with
publication in academic journals, with having a concurrent control group being an additional strong
predictor in univariable analysis and approaching statistical significance in multivariable analysis.
Factors associated with non-publication
In this subsection we examine factors associated with non-publication (i.e. when study findings were
neither published in academic journals nor available as grey literature). Given that non-publication
did not occur in the NIHR cohort, these studies were excluded from the analyses. Findings from
univariable and multivariable logistic regression for all studies and for intervention studies are
presented in Table 12.
For the analyses across all (intervention and association) studies, the ISQua cohort was the only
statistically significant predictor for non-publication in the univariable analysis. However, in the
multivariable analysis, studies from both HSRUK and ISQua cohorts were significantly more likely
than studies from the HSRProj cohort to remain unpublished, and statistical significance (or positivity
of findings if the variable was entered in the model in place of statistical significance) also became a
significant predictor of reduced risk of non-publication.
The influence of being from a conference cohort and bespoke data collection remains similar in the
univariable and multivariable analyses focusing on intervention studies (although the analyses had
less statistical power). However, having a concurrent control group or being a RCT appeared to be
an additional independent factor associated with reduced odds of non-publication.
TABLE 12 Univariable and multivariable logistic regression exploring factors associated with non-publication of findings
for included HSDR studies
Factor
Univariable analysis Multivariable analysis
OR (95% CI) p-value OR (95% CI)a p-value
All studies (N = 200)
Study cohort
HSRProj 1 (reference) 1 (reference)
HSRUK 2.528 (0.954 to 6.697) 0.062 17.348 (1.890 to 159.216) 0.012
ISQua 21.486 (8.677 to 53.203) < 0.001 425.985 (39.500 to 4593.998) < 0.001
Intervention study
(vs. association study)
0.888 (0.473 to 1.667) 0.711 1.356 (0.481 to 3.823) 0.565
With bespoke data collection
(vs. database and routine surveys)
1.233 (0.618 to 2.461) 0.552 0.322 (0.091 to 1.136) 0.078
Statistically significant
(vs. non-significant)
1.492 (0.531 to 4.190) 0.447 0.177 (0.034 to 0.924)a 0.040
Positive finding (vs. non-positive) 1.421 (0.506 to 3.994) 0.505 0.213 (0.049 to 0.931)a 0.040
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TABLE 12 Univariable and multivariable logistic regression exploring factors associated with non-publication of findings
for included HSDR studies (continued )
Factor
Univariable analysis Multivariable analysis
OR (95% CI) p-value OR (95% CI)a p-value
Intervention studies
Study cohort
HSRProj 1 (reference) 1 (reference)
HSRUK 3.786 (0.969 to 14.785) 0.055 6.725 (0.543 to 83.336) 0.138
ISQua 29.813 (8.012 to 110.927) < 0.001 93.278 (6.918 to 1257.715) 0.001
With bespoke data collection
(vs. database and routine surveys)
0.829 (0.266 to 2.586) 0.747 0.314 (0.043 to 2.292) 0.254
Statistically significant
(vs. non-significant)
2.069 (0.551 to 7.774) 0.282 0.242 (0.030 to 1.968) 0.185
Positive finding (vs. non-positive) 2.145 (0.576 to 7.985) 0.255 0.272 (0.036 to 2.046) 0.206
With concurrent control
(vs. before and after)
0.087 (0.029 to 0.260) < 0.001 0.147 (0.027 to 0.802) 0.027
RCT (vs. non-RCT) 0.175 (0.056 to 0.549) 0.003 Not includedb
a Adjusted for all other variables shown in the relevant part of the table, with the following exceptions: the variables
‘statistically significant’ and ‘positive finding’ were not included in the same model as they were highly correlated.
All multivariable ORs displayed were from a model that included ‘statistically significant’ (and excluded ‘positive
finding’), except the ORs for ‘positive finding’, which was obtained by including ‘positive finding’ in place of
‘statistically significant’ in the model.
b The variable was not included in multivariable analyses as it correlates perfectly with bespoke data collection and
concurrent control.
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Chapter 7 Key informant interviews and
focus group discussion to explore publication
bias in HSDR
This chapter presents findings from WP 5. As outlined in Chapter 2, the results are intended todevelop the themes from earlier WPs and to explore views of those involved in all aspects of
HSDR. Findings are presented under broad themes, including the commissioning and funding of HSDR;
journal and publisher decision-making; the influence of research design and researcher conduct in
HSDR; distinctive features of HSDR; and the impact of publication bias. The final section explores these
themes from the perspective of patients and members of the public.
Is publication bias a problem in HSDR?
The first issue we explored with interviewees was to what extent they believe that publication bias was
a feature of HSDR. A striking finding of the study is that many felt unable to respond with any certainty.
This included researchers, for whom typical answers included ‘I don’t know the answer to the question’
and ‘I can’t tell really, to be honest’. Of the 16 interviewees who expressed a view, 11 believed that
publication bias was prevalent and five that it was not. However, within each of these groups there was
varying levels of confidence in this assessment. For example, although some argued it to be ‘rampant’,
others were circumspect (‘I don’t think that it should be, but I think that it creeps in’, ‘I think it is
important, but I don’t think it’s the central issue’). Those arguing against the prevalence of publication
bias were also hesitant in their judgement (‘I don’t think publication bias is an issue, to be honest
with you’). These findings appear to mirror the complexity emerging from previous work and further
exploration helped to unpick the reasons behind this. Subsequent questioning focused on aspects or
stages of the publication process of most relevance to the interviewee and focus group respondents.
Commissioning and funding of HSDR
Interviewees generally agreed that the circumstances in which HSDR is commissioned and funded
influence the likelihood of publication bias. For example, many believed that highly formalised
programmes of research funding were less susceptible. Some cited the NIHR HSDR programme as an
example of commissioners adopting criteria-based decision-making by autonomous panels, based on
external peer review:
With the NIHR or research councils, you know, you put in your research proposal and they let you get on
with the research.
Interviewee 12, senior researcher/clinician, UK
A key reason why such funders were seen as associated with low publication bias was the presence
of formal publication requirements (including, for example, mandatory full reporting and making data
publicly available), as well as conflict policies and adherence to study protocols. This in turn was
associated with substantial research projects led by teams with a strong academic track record and
motivation to produce published academic outputs. Commissioners in these circumstances were
described as being largely ‘blind’ to considerations other than the rigour of research outputs.
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This approach to the commissioning and funding of research was contrasted with end user sponsored
research, characterised by high levels of interest and involvement of the commissioners in the
conduct and reporting of results. One respondent, for example, felt that government bodies directly
commissioning evaluations of their own programmes were often ‘desperate for those to be shown to
be positive’ and another spoke of charitable foundations requiring striking findings in order to ‘feed
their communications machine’:
A lot of the research will be funded by apparently objective, non-commercial funding agencies, but there
will still be the management consultancies and charities, there will still be government involvement. So I
don’t think we can be too complacent.
Interviewee 2, editor, UK
Many of the interviewees who worked as researchers in such circumstances nevertheless asserted the
relative autonomy afforded to them, indicating that any subsequent bias was unlikely to be direct or
overly coercive:
What I worry about is this subtle, indirect pulling of punches; so softening the edges of the messaging.
Because you get comments coming back from policy officials saying things like ‘you’ve given us a kind
of glass half empty story. Can’t you turn it round?’. And of course, often it is a matter of language
and emphasis.
Interviewee 11, editor/senior researcher, UK
Interviewees indicated that pressure from funders was of a lesser magnitude than that generated in
much clinical research, from their perceptions or experience, and that there were less likely to be major
conflicts of interests:
There’s a danger of framing it in the same way as in medical research because the stakes are very high in
medical research and there’s big commercial involvement through the pharmaceutical companies, who’ve
been repeatedly caught ‘off side’, as it were. Whereas I think the same issues don’t apply, at least
universally, in health service research.
Interviewee 16, funder/senior researcher, UK
I think because so much of the funding we have is competitive and most of it is won through committees
that actually make it very difficult, I would imagine, for the result of the previous study to affect the
funding. Whereas traditionally, you do a trial and the company wants to give you more money to do more
research in the area. I’ve never been in that situation, [laughing] sadly.
Interviewee 11, editor/senior researcher UK
Despite this, the frequent absence of a formal requirement for peer-reviewed publications from such
government bodies was identified as a potential source of bias:
It effectively leaves the onus on getting peer-reviewed publications up to us which is exactly when
publication bias is more likely.
Interviewee 14, senior researcher/funder, UK
Interviewees noted that locally commissioned evaluations and audits are rarely intended to be
reported beyond the immediate organisational context, and that therefore it is inappropriate for
them to be subjected to the rigours of formal peer review before publication. Publication bias was
therefore seen as a result of publishing of such data beyond the intended scope and setting of the
data collection exercise.
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Many interviewees made a distinction between research and other forms of knowledge:
I think the boundary between research and service improvement is really blurred and if you’re just using
someone’s routinely collect data, not purposely collected for a research study, but just kind of scraped off
their systems, and you’re using it for a model which will help them improve their systems, then I don’t call
that research personally.
Interviewee 4, editor/senior researcher, UK
I suppose then it becomes a question of what counts as publication bias and where the borderline is with
something that actually really isn’t research, or shouldn’t be judged as such, shouldn’t be kind of assessed
as such. I think it entirely depends on how the project’s been set up . . . many small-scale quality
improvement projects are not generalisable analytically or statistically and therefore I’m not terribly sure
why you’d try to publish them other than using them in a local setting.
Interviewee 9, junior mid-career researcher, UK
One interviewee considered that ‘editorial control’ was the primary means of differentiating research
and consultancy:
At [name of organisation] we did both consultancy and research, and the distinction was research meant
that there was an explicit agreement up front, that we the researchers would be able to have editorial
control so that we could seek publication in a journal. In other words, that the funder could not stop
us publishing.
Interviewee 15, consultant/senior researcher, UK
Publication bias in journal decision-making
Within the sample, researchers were most likely to argue that publication bias was pervasive in academic
publishing and especially in editorial decisions over whether to accept or reject HSDR journal submissions:
I think [positive effects] are of interest to all the journals and some are more explicit about it than others
. . . All of the journals, despite their veneer of academic impartiality, are highly news oriented and they are
kind of pushing for space in that crowded market place.
Interviewee 16, funder/senior researcher, UK
You would never ever send something non-significant to a top journal, that’s my feeling.
Interviewee 3, junior mid-career researcher, Germany
You do quite often find editors will say, ‘This is too similar to another paper that’s already published’.
Interviewee 4, editor/senior researcher, UK
The responses of journal editors within the sample were more mixed. For example, some argued that
authors were primarily responsible for any publication bias at the analysis and write-up phase of the
research process (see Research design and researcher conduct in HSDR). However, most conceded that
factors other than scientific quality influenced publication decisions, and many of these factors
coalesced around the requirement for novelty of some form. One editor of a medical journal used the
term ‘saturation bias’ to describe the diminishing likelihood of publication of papers once ‘the message
is already out’, irrespective of scientific merit. Another identified study scale and certainty of results as
being important:
If you have a very clear-cut answer on either side, positive or negative, obviously any journal will be very
interested. We’re not shying away from a negative study by any means, if it’s definitively negative. I think
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it’s when it’s non-definitive because the study is too small, or inadequately powered. I think we’re a little
bit more hesitant with those.
Interviewee 13, editor/mid-senior researcher, USA
Editors of medical journals acknowledged that HSDR submissions, in general, were less likely to be
accepted, especially when they did not follow a trial-based design. Editors of journals in subdisciplines of
HSDR described a range of characteristics predisposing journal editors to accept HSDR manuscripts for
publication. Along with methodological rigour and study scale, these included extent of methodological
and theoretical innovation, and the political salience of the research topic or intervention:
I think [strength of effects] wouldn’t affect publication in an OR [operational research] journal, but then
usually they would be looking for you to show that your method was better than somebody else’s method.
And if in a particular case you had shown that: you know, you’d applied your method to some problem
and it hadn’t really made any difference, I think that would be harder to publish.
Interviewee 4, editor/senior researcher, UK
I do think that there is a very strong relationship between, if you like, the size of the funded project and
its chances of being published, irrespective of its findings.
Interviewee 5, mid-senior researcher/editor, UK
In our kind of publishing, if you don’t see any change, for example, that’s not a very interesting study
theoretically. Nobody is really very keen to publish articles that explain why things stay the same and so,
to that extent, there is some bias in that we think we know why things stay the same.
Interviewee 2, editor/senior researcher, Canada
These views and experiences were echoed in interviews with researchers:
There are some systematic biases there and I think people, especially editors and peer reviewers, are sort
of denying them in a way. They’re looking for the best quality research and they’ve got this idea of what
best quality research looks like. And they do privilege the very novel, you know, highly rigorous, high
impact studies over those that are sort of more mundane but still important.
Interviewee 19, senior researcher/editor, UK
I think it’s absolutely right that poor or null effects are less interesting, but they’re only less interesting if
it’s a topic where people really want it to work; if it’s a topic where people don’t want it to work, then our
hypothesis is great and, you know, the [name of journal] will publish it. So I don’t think it’s a simple as just
positive results.
Interviewee 9, junior mid-career researcher, UK
These factors were seen as diluting the influence of the magnitude and statistical significance of
quantitative findings. By comparison, the latter were generally attributed higher importance in medical
journal decision-making. This suggests that although HSDR journals may be less likely to exacerbate
publication bias through their editorial practices, they may be substituting this with other forms of bias
associated with preference for novelty.
Responses were less consistent with regard to the influence of the editor and peer review roles in
publication bias. Although some editors referred to peer reviewers as ‘human funnel plots’, other
interviewees believed that publication bias was rarely a major consideration in the peer review process:
Certainly as a reviewer and as an editor I don’t see many questions or prompts asking about the presence
of publication bias. I don’t see many reviewers’ comments about publication bias unless they’re aware of
particular studies that have been missed.
Interviewee 5, mid-senior researcher/editor, UK
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However, the proliferation of peer-reviewed journals was seen as mitigating the threat of publication
bias, for example in HSDR systematic reviews. This meant that the status of the journal was a
secondary consideration:
I don’t think it matters a toss where it’s published as long as it’s published.
Interviewee 16, funder/senior researcher, UK
Obviously, there’s a certain level of prestige that comes through getting it in a high impact factor journal
but, nowadays, everything is findable in PubMed so as long as it’s there, I’m much less bothered about
where it goes.
Interviewee 7, senior researcher, UK
Research design and researcher conduct in HSDR
Interviewee perspectives were again mixed in relation to the role played by researchers in publication bias.
Although some argued that in trial-based research, behaviours, such as selective reporting and ‘data
hacking’, were no longer possible, others believed this to be commonplace, especially in association studies:
The more subtle and more common type [of publication bias] is the issue around hypothesis testing when
you’re the statistician doing the analysis and when you do a lot of what you would, in your mind, neatly
label ‘preliminary analysis’; a lot of unofficial hypothesis testing – ‘see if this works’ – and subgroup
analysis . . . That is a massive problem.
Interviewee 8, mid-senior researcher, UK
Others believed there to be a temptation to search for positive results when researchers were in some
way connected to the intervention being evaluated:
It’s very hard to find adverse effects of service delivery and part of that is either that the people who are
introducing those models are sort of strongly advocating them, you know, it’s sort of like airing your dirty
washing. And I suspect the other thing is also it’s very hard to identify unintended consequences because
they have a lens that focuses on the evaluation framework and don’t look more widely at knock-on
effects. So that would be a variation of selective outcome reporting bias but one particularly unique to
Health Service and Delivery Research.
Interviewee 5, mid-career researcher/editor, UK
It depends if you think bias is the absence of the results or it’s the change in what people report. So people
may have been trying, for example, reduce [hospital infection] rates and if in fact, they stay the same, but
they manage to cut readmissions for whatever reason, they may then report, ‘Oh, this is an effective
intervention to cut readmissions rates’, although it wasn’t actually designed that way in the first place.
Interviewee 7, senior researcher, UK
For example, when I evaluated [name of government initiative]. I didn’t care whether it worked or not but
if I have been part of developing a particular service, so for example I’m developing a medical adherence
intervention at the moment, there is going to be part of me invested in wanting that to be positive.
Interviewee 6, senior researcher/editor, UK
There was general support for the view that research teams might take longer to submit negative or
null results for publication. This was seen to be related to general levels of ‘excitement’ associated with
positive findings:
I’ve been involved in a couple of large implementation research trials and neither of them came out with
positive or significant outcome findings . . . To motivate yourself to get that negative finding trial out there,
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it’s a real challenge. I think that there is something about not wanting to share something that you feel
failed in some way, which is ridiculous.
Interviewee 18, funder/senior researcher, UK
The psychology is, you know, ‘we looked for something, we didn’t find it, that’s a bit disappointing. Can we
be bothered to write it up? It may not get published anyway. Let’s go ahead and look at something else’,
kind of thing. I think that’s understandable and human nature.
Interviewee 2, editor, UK
Some respondents identified a risk of publication bias when evaluators are responsible for developing
the intervention, and many felt that publication bias was a danger within much service improvement
research:
There’s strong movement within quality improvement, which is a very enthusiastic kind of movement, one
that celebrates success in lots of ways. And some relatively large claims are made for some work that’s
often done with relatively simple ways of looking at data . . . Now that is all maturing rapidly but my
instincts are that because of that strong enthusiasm and the desire for things to be seen to work,
there’s a risk.
Interviewee 17, funder/junior mid-researcher, UK
This problem was seen by the two managers in our sample to be compounded by a health-care
environment that rewarded ‘good news’ stories about health-care innovations and improvements:
It’s a fear of failure and therefore you cannot be seen to try something that doesn’t work because that’s
not celebrated.
Interviewee 20, manager, UK
Table 13 summarises the factors seen to increase or decrease the risk of publication bias in HSDR.
It was clear from the interviews with researchers that, to the extent that they considered researchers
guilty of publication bias, this was partly driven by the perceived expectations of journals and universities.
Some argued that ‘job prospects’ are linked to high-impact journal publications. For example, junior
researchers within our sample were more likely to believe publication bias to be widespread:
Even though we are all academics and we know about publication bias when it comes to our own work
we’re thinking, ‘Well, which journal will be interested in these findings?’. If they’re positive ones it’s easier
to get kind of excited about it, as it were, when thinking about likelihood of acceptance by a bigger
journal. You know, if you’re evaluating some new policy and you find it doesn’t work then clearly that is
vital but I think the threshold is higher for a negative finding.
Interviewee 8, mid-senior researcher, UK
A small number of respondents identified incentives to researcher-instigated publication that went
beyond the individual’s interests:
Sometimes important parts of HSDR studies don’t get published because the organisations, universities,
don’t see the value of that.
Interviewee 6, senior researcher/editor, UK
In the USA the amount of funding that’s available for health systems improvement work is quite limited
so there’s definitely a competition aspect that plays in, which leads to issues with individual investigators;
obviously they want to show that the work that they’re doing is worthwhile which increases the pressure
to publish positive results.
Interviewee 23, editor/senior researcher, USA
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For reasons outlined in the following section (see Distinctive features of HSDR), senior researchers were
more likely to underplay the pressure to publish positive results:
Almost all of my studies show that whatever I’m looking at doesn’t work . . . The answer to your question
is that, in my own personal research, it would not cross my mind not to publish something.
Interviewee 12, senior researcher/clinician, UK
Distinctive features of HSDR
As noted, a significant minority of researchers in the sample felt that, in broad terms, HSDR was less
susceptible to publication bias than clinical research. They attributed this to characteristics they
considered distinctive and typical of HSDR. These included the complex nature of interventions, which
generated uncertainty in evaluation, and the context-specific determinants of outcomes, which meant
that definitive conclusions were often difficult to draw:
I wonder whether epistemologically they are doing different things; essentially within the [Health
Technology Assessment] community it’s much more of an aggregative process coming up with, you know,
pooled overall effects, etc. But if you assume that there will be a great deal of heterogeneity in health
service delivery research then perhaps epistemologically you’re trying to do much more about making sense
of options and mapping different models. And linked to that is the interplay of context so that within an
HTA [Health Technology Assessment] context there’s almost the assumption that a drug will work in a
relatively similar way across multiple contexts, whereas a service delivery intervention is very context-
specific. So maybe people are bringing different quality markers or a different sort of epistemological view.
Interviewee 5, mid-career researcher/editor, UK
TABLE 13 Perceived predisposing factors for research publication and its related biases
Stage Reduced risk Raised risk






Non-competitive allocation of funding
Iterative research design
Ongoing interaction with research teams
Direct interest in outcomes
No publication requirements
Conduct of HSDR Trial-based design
High number of incentives to publish
High level of research expertise
No involvement/interest in intervention
development
Association studies
Low number of incentives to publish
Low level of research expertise
Involvement/interest in intervention
development
Publishing HSDR HSDR submissions to HSDR journals
Low levels of institutional pressure
Other novel features of publications
HSDR submissions to medical journals
High levels of institutional pressure
No other novel features of publications
This table has been adapted fromWilliams et al.86 This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
The table includes minor additions and formatting changes to the original text.
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They further argued that this complexity and contingency often prevented study randomisation and
replication:
The sort of research I do, it is rarely possible to randomise the intervention, so if you’re evaluating the
[name of national government initiative] for example, you can’t persuade NHS England to randomise it to
practices. So much of the research designs have been observational.
Interviewee 12, senior researcher/clinician, UK
Allied to this was the ‘multifactorial’ and ‘multicomponent’ nature of much HSDR study design, and the
simultaneous addressing of multiple research questions, so that strength and direction of findings was
assigned less overall importance:
I think in a lot of clinical research the effectiveness question is the only question that people are really
interested in. They still pretend to be interested in mechanisms of action, you know, why something didn’t
work. There’s still a pretence that we’re interested in the cost-effectiveness but at the end of the day that
effectiveness question is the absolute king. Whereas in health services research that’s less of an issue, I
think. Usually, we do have an effectiveness question that we can rarely answer with a randomised control
trial; we have to address with something lower down the hierarchy of evidence. And because those
designs have less status than the RCT, there’s more of a balance in the status of the questions and the
methods that are being used within health services research . . . You know, in meetings everybody’s talking
about all the different components and how they’re going. You don’t have to fight to get any component
onto the agenda.
Interviewee 6, senior researcher/editor, UK
However, some interviewees expressed frustration at the relative inattention paid to outcomes and
the primacy given to implementation in HSDR publications, highlighting the challenges this posed for
subsequent evidence synthesis:
We’ve done work on user engagement in major health service reforms and it’s kind of, ‘Well, what’s
the outcome? Is it whether you actually got the change implemented or whether you did the right
consultation?’. The fact that the change was or wasn’t implemented may not be the key outcome but
that’s often the one that’s reported, with the description about how you got there. So you may not have
information about what might be considered the key outcome.
Interviewee 10, senior researcher, UK
The equivocal nature of many HSDR results was cited as an additional reason for reduced levels of
external scrutiny and verification from, for example, media, government and industry. This was seen as
a further check on the pressure to find positive associations and effects.
Tackling publication bias
The range of views on the prevalence of the publication bias ‘problem’ was reflected in interviewee
comments on potential ‘solutions’. All of those who considered publication bias to be widespread
(and many of those who did not) expressed support for pre-registration of studies and the strict
application of study protocols containing statements of pre-set outcome measures:
It’s very easy to do and I think it’s also a mark of sound intellectual practice to actually say what you’re
going to study and why you’re going to study it, so we don’t end up seeing fishing expeditions.
Interviewee 1, editor/clinician, UK
A subgroup of interviewees believed this would result in unwarranted and inappropriate constraints
on researcher conduct (‘feet of clay’). As well as the practical challenges in large, multistrand studies,
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interviewees argued that sensitivity to changes in context during the lifetime of a research programme
would be compromised:
You’re not dealing with nature, you’re dealing with people. So you want to be able to take advantage of
what you learn, not just think, ‘Alright, we’ll stick with the state of knowledge we had when we wrote the
proposal’. But you need to be quite transparent about why you’ve changed what you’ve done.
Interviewee 15, consultant/senior researcher, UK
If you take a recent study which we’ve done in which we probably had about eight substudies. All using
different methodologies. Are you going to register each of them? And difficult to register the programme
as the whole, not least because the nature of the grant is that things change as your 5 years goes on.
So I remain to be persuaded of the benefits of pre registration for HSR [health service research] trials
principally because pre registration for drug trials is to get at the very clear problem which you’ve
articulated, which I don’t think exists in quite the same way for us.
Interviewee 12, senior researcher/clinician, UK
Other strategies identified for tackling publication bias included mandatory publishing and development
of repositories of null findings; training and awareness raising in publication bias; a general improvement
in the rigour of HSDR studies (especially in the field of service improvement); strengthening of research
teams (e.g. through partnering with senior academics); and greater incorporation of publication bias
checks in journal peer review.
Impact of publication bias in HSDR
As noted, some interviewees believed publication bias to be common in HSDR and cited the potential
distorting effects of this on syntheses of the evidence, for example through systematic review. However,
others identified the proliferation of journals publishing HSDR as partly counteraction to this trend.
Interviews (including with service managers at senior and local levels) revealed some apparent
contradictions in relation to the prevalence and impact of publication bias. On the one hand, there was
a widespread view that decision-making was often carried out without due regard to the published
evidence, such that publication bias was less of a concern. Interviewees were at pains to emphasise the
weak relationship between evidence and the decision-making they observed:
You have to consider just how poor the access of NHS managers to research evidence is. That is my
experience and when I came to realise there’s this whole world out there of people doing health services
research it was a revelation. But it was something I had to discover for myself. There is a very low
awareness of research work generally, I mean, in the management class. That’s a very broad statement,
but that’s from my experience of having worked in it. The way you made decisions is very much based on
what is in front of us and our conversations with colleagues, rather than through reference to literature.
Interviewee 24, manager/policy, UK
There might be a sad reason why publication bias would not be such a problem in health services
research, because the decision-makers don’t pay attention to the evidence anyway.
Interviewee 22, senior researcher/clinician, Canada
On the other hand, respondents identified similar sources of bias generated from within the decision-
making environment itself and perpetuated, for example, through professional periodicals and
information sources:
It’s the same in my organisation. I can’t think of anyone who’s really stood up and said ‘We tried this and
I’m gonna write it up and get it published because I don’t want anyone else going through this pain or
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spending energy on it’. We just don’t seem to have a culture of doing that . . . I think when you’re getting a
decision from your governing body or your board to try something there is an expectation from them that
it will work. My director says, ‘Oh, we’ve been asked for some good news stories’ and in my head I want
to say ‘well the good news could be that we tried this and it didn’t work so we can’t go through it again’.
Interviewee 20, manager, UK
If you take something like [name of professional journal], most of the papers are subtitled ‘How my last
two year project has transformed health care’ you know? They’re less frequently constructed as ‘How my
last two year project proved that this didn’t work.
Interviewee 24, manager/policy, UK
If we run something like the [national health services initiative] and we’ve committed many billions of
pounds to what is notionally a pilot project for other people to copy, it’s quite hard for the taxpayer to
understand that at the end of spending many millions of pounds on testing something, we came to the
conclusion we shouldn’t do it anymore because it’s a waste of money. Now, there is an acceptance in the
drug industry that you have to kiss a lot of frogs before you find a prince and that’s not really the culture
in management. The culture in management is everything needs to work every time.
Interviewee 24, manager/policy, UK
One researcher in the interview sample identified a further knock-on effect of this on the research
community when deciding which interventions to evaluate:
There’s great reason to believe that the picture of what’s going on, for example, in the NHS is heavily
influenced by reporting bias, in other words, people do a successful initiative and they inter-disseminate it.
That doesn’t translate into quantitative bias but upstream if you think that that means that these
interventions are then more likely to get funding to be explored, then that will lead to a sort of distortional
bias in terms of interventions that are available.
Interviewee 5, mid-senior researcher/editor, UK
Patient and public views: findings from the focus group
The focus group was structured so as to enable discussion in three phases, starting with general
discussion of evidence, followed by discussion of publication bias in clinical research and, finally,
discussion of publication bias in HSDR. Examples were used to illustrate publication bias in the second
and third phases. The over-riding aim was to gather perspectives on the importance of this topic from a
patient and public perspective.
Participants described receiving an ‘avalanche’ of information, but said that they would search for more
detailed information on the stories that piqued their interest (i.e. if it affected them, a family member
or a friend). There was acknowledgement that news stories as presented might not be an accurate
reflection of the research evidence and the need for critical reflection. Participants described the need
to be ‘critical’ of sources and to consult and listen to varied perspectives. Participants also discussed
different sources of information that they would consult, including social media (e.g. Twitter; Twitter,
Inc., San Francisco, CA, USA), books (written by authors they trusted), to lectures and articles in
peer-reviewed journals.
Key points of consensus included:
l There is a need to identify ‘trustworthy’ sources that accurately summarise evidence.
l Some people accept what is reported in the mainstream media unquestioningly, with associated
risks and harms.
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l When reporting research findings the mainstream media typically provide only limited information
on how the study is funded and conducted, making it impossible to judge extent of potential bias.
l Some level of bias is unavoidable (e.g. ‘bias starts when you decide what you’re going to study’),
so transparency of reporting is of the utmost importance.
The recent clinical example of reboxetine6 (Edronax®, Pfizer Inc., New York, NY, USA) (for anxiety and
depression) was discussed. Participants used words, such as ‘worrying’, in relation to the example and
raised ethical objections. For example, participants noted that patients participating in studies might
not be aware that drug companies were not publishing all of the evidence. Participants also discussed
the dangers of drug companies funding trials and the importance of patient involvement in setting
research aims and outcome measures.
Participant 1: It’s worrying, yeah.
Participant 2: And it is worrying that there’s . . . because there’s always this issue of ethics, isn’t there, in
medical studies and although people sign up and say, ‘This is an ethical study,’ where there is a benefit to,
like, a drug company then I’m not sure you could ever think, ‘Well, they’d be unbiased,’ because I’d always
think that, ‘Have they actually published all their findings from this study?’. So although you would hope
such people, you would hope researchers would be ethical. If they’re being funded and their research is
being funded then how difficult is it for them to be completely neutral?
A second example from HSDR, related to the use of mass mail-outs, was discussed (see Maglione et al.,53
also described in Chapter 3, see Table 3). This prompted discussion of the need for public resources to be
used as efficiently as possible, reducing waste and the threat posed to this by publication bias of this kind.
Facilitator: Does it matter if, for example, the NHS invests in things where the evidence is slightly biased
. . . is that a problem?
Participant 3: It’s a waste of money.
Participant 4: Yeah.
Participant 5: It is if your resources are short, yes.
Across the two examples, participants made the following observations:
l Much extra attention is given to new interventions (‘the latest thing’) that promise to solve major
problems and the tendency, therefore, is to be biased towards positive findings for new interventions.
l There are dangers in measuring and reporting only short-term outcomes and neglecting longer-term
effects, whether positive or otherwise.
l Participants were aware that researchers might be under pressure to publish interesting results and
might be deemed a ‘failure’ if they fail to do so.
This led to a series of recommendations put forward by participants:
l Critical appraisal – participants emphasised the importance of educating people at a young age to
be critical of information they receive, especially in popular and social media.
l Clear reporting of information about who funds should be compulsory, with any conflicts declared.
l Addressing the pressures within universities to ‘get results and publish’ was seen as a priority.
People should be allowed to ‘make mistakes’ (i.e. embark on studies resulting in null results) because
these present ‘opportunities for learning’.
l Participants argued that other aspects of studies (e.g. methods) might be of interest and warrant
publication where results are unremarkable.
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Participants also agreed that research should be able to be replicated and, therefore, all sources of
data should be made fully available for future researchers:
Participant 3: Is the issue not because of the company that we don’t have access to the data?
Facilitator: Yes, yeah.
Participant 3: And all this would be solved if it was a legal requirement that every time you did an
experiment, the data was held in some sort of archive accessible by anybody.
Overall, participants argued that having strong PPI throughout a study is critical. This needs to be
carefully planned and inclusive of all groups, including those typically under-represented. They argued
that PPI advisors should have roles in designing studies and ‘challenging’ the experts so that bad
practices associated with publication were less likely to happen.
This chapter summarises diverse views on publication and related bias obtained from our interviews
with a wide range of stakeholders of HSDR, including researchers of varied seniorities and specialties,
journal editors, research funders and service managers. In addition, we present findings from a focus
group discussion, which was planned with PPI involvement and highlighted service users’s and the
public’s concerns about the potential impact of publication and related bias in terms of research waste
and the influence of evidence on health service decision-making. We discuss the implications of these
findings in relevant sections in Chapter 8.
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Chapter 8 Discussion and conclusion
In this chapter we discuss findings from individual WPs presented in Chapters 3–7. These are followedby an overview of learnings across WPs and limitations of the project, and a brief discourse of wider
issues surrounding publication and related bias, and use of evidence to inform health-care service
delivery. We then provide some points for consideration for stakeholders who fund, generate, review,
publish and use HSDR in relation to publication and related bias. The chapter ends with some
recommendations for future research and an overall conclusion.
Work package 1: systematic review of empirical evidence on publication
bias in HSDR
Our systematic review set out to examine available evidence on publication and related bias in HSDR.
Despite an extensive literature search, we found only four methodological studies13–15,50 that specifically
investigated this issue, with three14,15,50 of them focusing on health informatics. Although the evidence
is very limited and there are methodological weaknesses in the identified studies, the available
evidence does indicate the existence of publication bias: study findings were not always published;
differences may exist between published and unpublished evidence; and examples, such as null or
unfavourable findings being associated with non-publication,53 and magnitude of effect sizes being
associated with publication in high-impact journals, have been reported.13
Reasons for non-publication of HSDR findings described in the only survey we found concerning the
publication of evaluation studies in health informatics appear to be similar to those for clinical research.87
Lack of time and interest on the part of the researcher appears to be a major factor, which could be
exacerbated when the study findings are perceived as uninteresting. Some of the reported reasons, such
as ‘not of interest for others’ and ‘only meant for internal use’, highlighted the context-sensitive nature
of evidence that is common for HSDR. These reasons for non-publication also highlight issues arising
from the vague boundary between research and non-research (such as quality improvement projects
and service evaluations) for many interventions and data collection activities undertaken in health-care
organisations. Another reason for non-publication of particular relevance to HSDR is ‘political and legal
reasons’. Publication bias arising from conflict of interest is well documented in clinical research,4 and
similar situations may arise when funding for the evaluation is provided by commercial, charitable or
health-care organisations which developed and/or implemented the service intervention.We did not identify
methodological research specifically related to the impact of conflict of interest on publication of findings
in HSDR, although anecdotal evidence of financial arrangements influencing editorial process exists88 and
there are debates concerning the public’s access to information related to health services and policy.89
Among systematic reviews of substantive HSDR topics that have reported findings of assessment of
publication bias, most have used funnel plots and regression tests and approximately half of them
found some evidence of bias. The required conditions for utilising these methods and caveats for
interpretation of their findings,26,38 as illustrated and discussed in detail in case studies presented in
Chapter 5, hold true here and warrant particular attention in view of heterogeneity commonly found
among HSDR, resulting from the complexity and variability of service delivery interventions and the
influence of contextual factors.90,91
Searching grey literature and contacting researchers and funders who may be involved in research
on the topic of interest remain important measures to reduce the risk of publication and related bias
when undertaking evidence synthesis for HSDR, although these are often time and resource intensive,
and to what extent the invested effort outweighs the negative impact of the bias requires careful
evaluation. The findings reported by Batt et al.,51 that published and grey literature from low- and
middle-income countries may differ in volume, quality and geographical coverage, have important
implications for stakeholders who are involved in the synthesis and use of HSDR related to global health.
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This systematic review has several strengths, but also has some weaknesses. We used a wide range of
search terms (see Appendix 1) and searched several databases and information sources. Nevertheless,
we could not rule out the possibility that some evidence was missed in the process. In addition, we
may not have covered all pertinent areas of HSDR owing to the definition that we adopted. We
focused only on publication and related bias in quantitative studies and did not consider qualitative
research, which plays an important role in HSDR. Given the limited evidence we found, which was
mainly collected in the field of health informatics, the generalisability of the findings for other fields of
HSDR is uncertain. Finally, despite our efforts in extensive literature search, the possibility that our
findings are subject to publication and related bias cannot be ruled out.
Work package 2: overview of systematic reviews of intervention and
association studies in HSDR
Work package 2 examined a random sample of 200 systematic reviews in HSDR in relation to reviewers’
practice in the assessment of publication bias and outcome reporting bias. Although 43% of the systematic
reviews mentioned publication bias, only 10% formally assessed it. Outcome reporting bias was mentioned
and assessed in 17% of the reviews. The proportions of reviews in which these biases were mentioned and
assessed were significantly higher among intervention reviews than association reviews.
There are similarities and differences between our findings and those of previous meta-epidemiological
studies on assessment of publication and outcome reporting biases in systematic reviews, mostly
concerning clinical research (Table 14). Based on existing literature, approximately one-third to a half
of systematic reviews mentioned publication bias and thus demonstrated awareness of this issue, with
the notable exception of systematic reviews of genetic association studies, of which 70% mentioned
publication bias. Mention of outcome reporting bias was lower than 30% across the board, with very
low rates observed in reviews of HSDR association studies and reviews of epidemiological risk factors.
Although the findings suggest that there is still substantial scope for improvement in raising awareness
of these potential biases and in explicitly acknowledging them in the conduct of HSDR systematic
reviews, a few inter-related issues warrant further consideration when interpreting these findings and
the making recommendations for further actions. These relate to research traditions and the nature of
evidence, as well as the requirement for research registration, which we explicate below.
The research traditions and nature of evidence in different subject disciplines may influence the
perceived importance and relevance for considering publication and outcome reporting biases in
the review process. These might have contributed to the apparently low prevalence of assessing and
documenting these biases in HSDR reviews. For example, both our study and the other HSDR-related
study31 concerning health policy research mentioned earlier found that a meta-analysis was conducted
in < 40% of all reviews, and in our study the prevalence was found to be as low as 10% for reviews
of association. In contrast, at least 60% of reviews of clinical research included meta-analysis (see Table 14).
There is a general recognition that HSDR requires consideration of multiple factors in a complex health
system,19 and that evidence generated from HSDR tends to be context specific. It is therefore possible
that HSDR systematic reviews, and particularly those examining associations between the myriads of
structure, process, outcome measures and contextual factors, may tend to adopt a more configurative,
descriptive approach (as opposed to the more aggregative, meta-analytical approach in reviews of
various types of clinical research).97 As generating an overall estimate of a ‘true effect’ is not the main
focus, the issue of publication and outcome reporting biases may be perceived as unimportant or
irrelevant in reviews adopting configurative approaches. This may partly explain the strong association
between inclusion of meta-analysis and assessment of publication bias in our multivariable analysis.
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TABLE 14 Findings from current and previous studies on assessment of publication and outcome reporting biases in systematic reviews of health literature

















HSDR intervention (n= 100) 51% 33% 54% 14% 30% 30%
HSDR association (n= 100) 52% 10% 31% 5% 4% 4%
Li et al. 2015:31 health policy research
(n = 99)
67% judged to be
comprehensive
39% 32%b 9% NR NR
Ziai et al. 2017:92 high-impact clinical
journals (n= 203)
64% NR 61% 33% NR NR




NR 40% 28% NR NR
Chapman et al. 2017:94 high-impact
surgical journals (n = 81 pre PRISMA,
n = 201 post PRISMA)
71% pre PRISMA, 90% post













63% 47% 31% NR 24% (n = 296)
Song et al. 20104
Treatment effectiveness (n= 100) 58% 60% 32% 21% 18% NR
Diagnostic accuracy (n= 50) 36% 82% 48% 24% 14% NR
Epidemiological risk factors (n = 100) 35% 68% 42% 31% 3% NR
Genetic association (n= 50) 10% 96% 70% 54% 16% NR
Kirkham et al. 2010:96 Cochrane reviews
of RCTs with well-defined primary
outcome (n= 283)
NR NR NR NR 7% NR
NR, not reported.
a Figures are unlikely to be directly comparable, as criteria used by different studies vary widely.














































































































































































































































































































































The diverse, context-specific nature of evidence in HSDR may have further impeded formal assessment
of publication bias. Funnel plots and related techniques, the methods most commonly used in HSDR,
as in other fields, require that at least 10 studies that are sufficiently similar can be included in an
analysis.26 The requirement has probably prevented many HSDR reviews from carrying out formal
statistical assessment of publication bias, as the level of heterogeneity among studies included in HSDR
systematic reviews is often high. Irrespective of the feasibility of adopting statistical methods, these
techniques provide only indirect evidence suggestive of the presence or absence of publication bias,
and their limitations have been well documented.26
Irrespective of research approaches and nature of evidence, a major barrier for evaluating both
publication and outcome reporting biases in HSDR is the lack of prospective registration of study
protocols. Comprehensive study registration and accessible study protocols are essential for identifying
unpublished studies and unreported outcomes, which in turn is a prerequisite for directly assessing
publication and outcome reporting biases. As mandatory registration of research protocols has been
enforced among clinical studies on human subjects only, lack of study registry and protocols is likely
to have contributed to the low prevalence of assessing these biases, particularly among reviews
of observational studies (e.g. 4% among HSDR association reviews in our study and 7% among
epidemiological risk factor reviews examined by Song et al.4). However, irrespective of evidence
synthesis approaches and challenges, the potential threats from these biases do not dissipate as
long as the intention is to quantify an intervention effect or an association. Pre-registration of study
protocols, which is the ultimate safeguard against publication and outcome reporting biases, may
therefore be worth serious consideration for both HSDR intervention studies and at least some
types of association studies. Accessibility to pre-registered study protocols will also alleviate current
difficulties in assessing outcome reporting bias.
Calls for comprehensive registration of research studies and their protocols are not new, but making
further progress beyond clinical trials is likely to require careful debates and assessments with regard
to feasibility and practical value for registering different types of studies, weighing potential benefits
against costs and potential harms. Meanwhile, it is important to continue raising awareness of these
biases and improving the levels of documenting the awareness when evidence from quantitative HSDR
is synthesised. Our findings show that systematic reviews mentioning the use of a systematic review
guideline are five times more likely to include an assessment of publication bias than those without
a mention. A previous study also found that the proportion of systematic reviews which assessed
publication bias was significantly higher after the publication of PRISMA (53%) than before PRISMA
(39%).94 Methodological standards, such as Cochrane Collaboration’s Methodological Expectations of
Cochrane Intervention Reviews, and systematic reviews reporting guidelines, such as PRISMA and
Meta analysis of Observational Studies in Epidemiology,33 are therefore likely to play an important role.
Nevertheless, the suboptimal level of documenting awareness found in our study and others highlights
that additional mechanisms may be required to enforce them.
For the assessment of outcome reporting bias, we noted that all the reviews which assessed this did
so as part of quality assessment of individual studies. Currently, outcome reporting bias is a standard
item in the Cochrane’s risk-of-bias tool,64 which is most widely used in intervention reviews. However,
this item is not included in tools commonly used for assessing observational studies, such as the
Newcastle–Ottawa Scale.98 Given that the risk of outcome reporting bias is substantially higher for
observational studies, this is an important deficit which developers of quality assessment tools for
observational studies need to address in the future.
Finally, the search and inclusion of grey and unpublished literature remains a potentially important
strategy in minimising the potential effect of publication bias. However, the practice varies widely
between different types of reviews. Interestingly, our study showed that reviewers who searched for
grey literature do not always assess or discuss the potential effect of publication bias. This suggests
that some review authors might have followed the good practice of searching the grey and unpublished
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literature to ensure comprehensiveness, without considering minimising publication bias as a rationale
behind this. Alternatively, these authors may consider it unnecessary to assess and/or discuss the
potential impact of publication bias in addition to the efforts in locating unpublished studies. Limited
evidence suggests that data included in published HSDR studies differ in quality and nature from those
included in grey literature.51 More empirical evidence is needed to guide future practice regarding
search of grey and unpublished literature, taking into account the trade-off between biases averted and
additional resources required.
One of the strengths of the current study is that the systematic reviews were randomly selected from
the HSE database, which covers multiple sources of literature, and our selection was neither limited
by a single source of literature nor restricted to highly ranked journals. We therefore believe that the
sample is representative of quantitative HSDR systematic reviews. In addition, study selection and
data extraction were carried out by one person and checked by another in order to ensure accuracy
and completeness. We also evaluated factors which may influence the assessment of publication
and outcome reporting bias. The main limitation of this study is that the results of the multivariable
logistic regression analyses produced ORs with fairly wide CIs. We are aware that variables which we
examined may interact in various ways, but believe that collinearity is not a major issue, judging from
the broad consistency between the results of univariable and multivariable analyses.
In conclusion, this study has shown that publication and outcome reporting biases are not consistently
considered or assessed in HSDR systematic reviews. Until a comprehensive registration of HSDR
studies and their protocols becomes available, formal assessment of publication bias and outcome
reporting biases may not always be possible. In such cases, review authors could still consider and
acknowledge the potential implications. Developers of quality assessment tools for observational
studies should consider including items for outcome reporting bias. Adherence to existing systematic
review guidelines may also improve the consistency in assessment of these biases. The findings of this
study would enhance awareness of publication and outcome reporting biases in HSDR systematic
reviews and inform future systematic review methodologies and reporting.
Work package 3: in-depth case studies on the applicability of methods for
detecting and mitigating publication and related biases in HSDR
In case study 1, described in Chapter 5, we utilised data from a systematic review of studies on the
weekend mortality effect to explore in detail the applicability of common methods that have been used
in clinical research to detect and/or adjust for publication bias. We highlighted several issues pertinent
to the use of these methods in evidence synthesis in HSDR, and the findings may be useful in similar
scenarios in which HSDR mainly relies on evidence from analyses of observational data obtained from
routine administrative databases.
The case study shows that, although funnel plot and related methods can be used in HSDR as a tool to
explore the presence of small-study effects (which are a common manifestation of publication/reporting
bias), several features of HSDR based on observational databases could contradict requirements for
their appropriate use and, in particular, could invalidate the crucial assumption that any observed
small-study effects are caused by publication or reporting bias. Special attention needs to be paid to the
underlying heterogeneity of studies included in a review. Factors that could define distinctive subgroups
and settings (e.g. types of admissions, availability of clinical data) may be potential confounding factors
that are independently associated with effect sizes and sample sizes and may therefore confound
the assumed publication bias. Any findings from these statistical techniques will thus remain highly
speculative, unless these potential confounding factors can be ruled out, which is likely to be difficult.
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Our detailed exploration in this case study suggests that some level of publication or reporting bias
is possible in the literature included in the chosen systematic review, but its effect on the pooled
estimate of the weekend effect is limited. A few points are worth mentioning. First, the authors of
the review excluded grey literature, such as conference abstracts and institutional reports, because
it was difficult to assess their quality. This precluded direct assessment of potential publication bias
by comparing published and grey literature. Second, the impact of publication bias may be relatively
small when data from population databases are available. Nevertheless, caution is required in such
circumstances, as precise estimates generated by large study samples are not necessarily accurate.
Evaluating other sources of bias, such as the potential impact of unaccounted confounding, may be of
higher priority and importance than publication bias. Finally, a deeper epistemological consideration is
the utility of a ‘pooled effect’ in HSDR in general. In contrast to the priority of pursuing an accurate,
universal estimate of the effect of a treatment or exposure in clinical research (however, this might
change in the era of ‘precision medicine’), a pooled effect estimate, such as the weekend effect across
various patient populations, health systems and geographical locations, may be of interest to no more
than a small number of persons. Examining the mediators and contextual moderators of an effect is
likely to play a more prominent role in HSDR. Funnel plot and related methods that are designed
to assess the impact of publication bias surrounding a pooled estimate may therefore be of limited
value, except in examples such as multivariate meta-regression, in which investigation of the impact
of multiple factors can be carried out. Issues identified in case study 1, such as heterogeneity and
potential confounding, were mirrored in other case studies included in the WP.
Work package 4: follow-up of HSDR study cohorts for investigating
publication bias in HSDR
This WP collected direct, and thus the strongest, evidence on publication bias. Rates of publication
among the selected HSDR cohorts are relatively high, except the ISQua cohort. This may reflect the
nature of these cohorts, most comprising studies being well-funded research carried out by researchers.
We noted that many of the studies from the ISQua cohort were reported by practitioners and were
conducted in a single institution, as exemplified by the larger proportion of before-and-after studies
without a control group. Many of these were likely to be studies of in-house improvement project and
service evaluation that were not intended to be published.
The significantly lower rate of publication in this cohort than in other cohorts therefore suggests
that the motivation for conducting these studies is likely to be one of the key factors influencing
subsequent publication of the findings. Nonetheless, our multivariable analysis provided some
indication that statistical significance and perceived positivity of the findings did appear to influence
the likelihood of publication having adjusted for other factors associated with motivation, funding and
methodological rigour. This finding should be considered tentative, given our limited sample size and
potential subjectivity in classifying research findings. In addition, we were unable to obtain further
information from investigators for 34 studies, with 23 of these from the ISQua cohort. This might
have introduced some bias, although it could be argued that from the perspective of accessibility of
evidence, any publications that might have existed but were missed by our own searches may be
difficult to reach by decision-makers and other users of HSDR. Given the differential motivation,
publication bias may be more profound in cohorts, such as the ISQua, than in cohorts of independently
funded research. However, our sample size was too small to investigate this.
The 100% accessibility of study findings from the NIHR cohort demonstrates the important influence
that research funders could have. Archives of historical projects accessible online and the now
established NIHR Journals Library facilitate the dissemination of research findings irrespective of
whether or not they are published in ‘traditional’ academic journals. An unexpected finding from
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this work was that the rate of publication in academic journals is lower for the NIHR cohort than for the
HSRProj cohort.We could offer two plausible explanations among others. First, for consistency, we have
classified all full reports from NIHR-funded projects as ‘grey literature’. These included project reports
from the previous SDO and Health Service Research programme available online, as well as more recent
monographs published in the Health Services and Delivery Research series of the NIHR Journals Library. If
the latter had been classified as an academic journal, the publication rate would have appeared higher.
Second, given that the journals included in the NIHR Journals Library are indexed in MEDLINE and are
openly accessible, researchers might not perceive it necessary to publish the findings in other academic
journals. In addition, during our communications with HSDR researchers, we were made aware that some
academic journals in the field appear to be more reluctant to publish findings that would also be described
and made available in NIHR Journals Library. Furthermore, as the production of the project final report as
a monograph in the NIHR Journals Library requires substantial effort, this might have incurred some
opportunity costs in relation to preparation of publications in other academic journals.
Work package 5: key informant interviews and focus group discussion to
explore publication bias in HSDR
A notable finding from WP 5 was that many respondents were uncertain as to how significant a
problem publication bias presented in HSDR. Although this is perhaps unsurprising in the case of those
not directly involved in publishing, for example patients and health-care managers, it was also a feature
of interviews with researchers, journal editors and research funders. Although the majority of these
believed publication bias in some form to be present, few were able to refer to instances when this
had been directly observed. This lack of clarity may reflect the apparently equivocal findings of
previous WPs and our interviews therefore provide some potentially valuable qualitative insights.
One area that influenced views as to the presence of publication bias was the subdiscipline of HSDR
to which respondents belonged. The researchers in our sample spanned diverse scholarly subfields,
and this was reflected in the journals they targeted to publish their work. Although respondents sought
to publish HSDR results in medical journals, many did so as a response to institutional pressures to
publish in journals with high impact scores. In these circumstances, there was some consensus that
significant (if not necessarily positive) results would be more likely to be (1) submitted and (2) accepted
for publication. In contrast, many believed that other criteria were more important when seeking to
publish in their disciplinary ‘home’ journals. Here, strength of results was believed to be secondary to
other potential sources of ‘novelty’ in shaping publication outcomes.
As well as journal variation, interviewees drew a distinction between externally funded and peer-
reviewed research on the one hand, and end user-funded quality improvement projects on the other,
with the latter category attributing higher susceptibility to publication bias instigated by the research
teams. Respondents also identified risks in ex post facto decisions to submit for publication, data which
have been gathered primarily for other purposes. In the former category, there was general agreement
that HSDR studies often contain more than summative assessments or measurements of associations.
The typical presence of multiple study objectives, complex interventions, higher levels of ‘mess and
noise’ in the data and their interpretation, was seen as reducing the importance ascribed to effect sizes
and significance of associations. For this reason, a substantial minority of respondents were resistant
to the proposal that all HSDR research be pre-registered.
There was some support in interview findings for the claim that forms of bias are linked to study type,
with, for example, association studies considered more susceptible to p-hacking and selective outcome
reporting, and evaluation studies at greater risk of funder pressure. However, respondents contrasted
the level of external scrutiny (e.g. from industry and health systems) in clinical research with the
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tendency towards ‘lower stakes’ in HSDR, which was again seen as mitigating the incentive towards
publication and related bias. Overall, interviewees considered incentives towards publication and
related bias to be present but to a lesser degree.
The research cultures described by interviewees confirm the previously reported pressure to publish
in high-impact journals.99 However, in comparison with clinical research, HSDR is fragmented, and
‘subcultural’ factors may attenuate the drivers of publication and related bias. Other variables that
warrant further investigation include researcher seniority (e.g. senior researchers in our sample were
more likely to believe that negative or null results did not present an impediment to them publishing
their work).
The interviews and focus group discussions with those not directly involved in publishing research
(health-care decision-makers, patients and citizens) raise issues that go beyond the specific question
of publication and related bias. These include the relatively weak relationship between HSDR and
decision-making in health care, and the wider ethical implications of research waste, especially for
participating patients and the allocation of scarce public resources.
Overall learning from the project and study limitations
Having described lessons learned from individual WPs above, we offer below some learning that
emerges from across the WPs and highlight key limitations of this project.
Gleaning from the evidence collected across all WPs, it is reasonably clear that publication and related
bias can and does occur in HSDR. However, it is currently difficult to gauge the true scale and impact
of the bias given the sparse high-quality evidence, which in turn may be associated with difficulties in
identifying study cohorts due to lack of comprehensive study registration. Solid evidence on publication
bias and selective outcome reporting in clinical research has primarily been obtained from RCTs, as study
protocols are made available in the trial registration process.1 Stakeholders in our interviews generally
supported registration of HSDR, albeit with some reservations, and quality improvement projects and
implementation studies were identified as being potentially at high risk of these bias. As repositories
of quality improvement projects emerge,100 HSDR and quality improvement communities will need to
consider and evaluate the feasibility and values of adopting these practices for studies of varied types
and purposes.
The lack of prospective study registration poses further challenges in assessing outcome reporting
bias, which could be a greater concern for HSDR than clinical research, given the more exploratory
approaches to examining a larger number of variables and associations in HSDR. Interestingly, our
hypothesis that association HSDR studies based on observational evidence are more susceptible to
publication and reporting bias was supported neither by the quantitative evidence that we collected
so far, nor by recent research from the field of organisational studies (described in more detail in
Publication and related bias in other cognate fields).101–104 Nevertheless, the potential risk could still not be
dismissed, as most of available evidence relies on methods that have some weakness. It is possible that
the focus on formative evaluations rather than summative measures may have mitigated the bias to
some extent.
Like many issues in HSDR, publication and related bias is the product of complex social processes
and is likely be context dependent. Qualitative and quantitative data obtained from different WPs
identified several potential factors (see Table 13) that may affect on the risk of its occurrence.
Further empirical evidence needs to be collected to explore the relative influence of these factors
and to ascertain whether interventions or policies targeting some of these factors can effectively
reduce or prevent publication and related bias.
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The strengths and limitations of individual pieces of work from this project have been discussed in
detail in each of the WPs. Overall, although our findings have shed new light on our understanding
of publication and related bias, the project and its findings have some important limitations:
1. We focus only on quantitative HSDR investigating interventions and associations.
2. Few studies have systematically examined publication and related bias in HSDR, limiting the
conclusion that we can draw from review of the literature.
3. The numbers of HSDR systematic reviews that we evaluated in WP 2 and HSDR cohorts that we
followed in WP 4 are still relatively small.
4. Although issues with the application of statistical methods to detect publication and related bias in
HSDR are highlighted in WPs 2 and 3, novel methods need to be developed to overcome the
issues identified.
5. Owing to lack of comprehensive registration of study protocols, we have not been able to collect
direct evidence on publication and related bias concerning quality improvement projects, and to
examine outcome reporting bias in study cohorts that we followed.
6. The sample size for our qualitative work in WP 5 is relatively small, and within the scope of the
current project we have not explored some of the wider issues related to use of evidence from
HSDR in making service decisions and transparency and public accountability of this process.
These limitations need to be addressed in future research.
Publication and related bias in other cognate fields
This project investigated publication and related bias in HSDR. A major challenge for the project was
to draw a boundary between HSDR and other fields of research, given its multidisciplinary nature.
In our systematic review presented in Chapter 3, we have focused on research in areas that fall under
the definition of HSDR adopted in this project. However, we are aware that literature on publication
and related bias has emerged in other scientific disciplines. Although it was not possible for us to
systematically review this diffuse literature within the scope of this project, we provide below a brief
description of key papers that may have some relevance to HSDR.
In our literature search for the systematic review described in Chapter 3, and through citation check,
we identified several studies on publication and related bias in cognate fields. We describe these
studies briefly in this section.
Organisational behaviour, organisational psychology and human resource management
Four studies examined publication and outcome reporting bias in the broad area of organisational
behaviour, organisational psychology and human resource management. All four studies focused on
measures of correlations and all found that publication and outcome reporting bias did not seem to be
a major issue. The studies are described below.
Kepes et al.101 evaluated publication bias in organisational sciences. Using data on employment interview
validities (total sample size of 25,244 interviews and 160 correlation coefficients), the authors conducted
multiple analyses, including trim and fill, contour-enhanced funnel plots, Egger’s regression test, Begg and
Mazumdar’s rank correlation, meta-regression, cumulative meta-analysis and selection models. When all
the samples were analysed together, many of the publication bias detection methods suggested potential
publication bias, although the effect seems minimal and it would not have affected the conclusions. The
authors anticipated that between-sample heterogeneity may have influenced the results and, therefore,
created subgroups and assessed publication bias within the subgroups. This resulted in analyses of
40 distributions, in three of which the authors concluded that publication bias is likely to be present.
Although most of the results from different methods were consistent, there were many occasions when
at least one method indicated conflicting results to the other methods. Most of the disagreements may
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be related to problem of statistical power. Notwithstanding, the interpretation was inconclusive in only
6 out of 40 analyses performed. Using cumulative meta-analyses by year of publication, indication of
potential time-lag bias was also observed: the two samples published in 1947 have a cumulative mean
estimate of 0.67 and all eight samples published before 1970 have a cumulative estimate of 0.33,
whereas the final meta-analytic estimate is 0.24. However, the data covered a 50-year time period and
time-lag bias would not have changed the practical conclusions of the analyses. The authors concluded
that publication bias has minimal effect in the data set assessed. They recommended that meta-analytic
reviews include multiple publication bias methods that are based on different assumptions. To mitigate
heterogeneity, potential moderating variables could be identified using meta-regression, in order to form
more homogeneous subgroups before evaluating publication bias.
Dalton et al.102 evaluated the extent of the file-drawer problem (an alternative term for publication
and related bias frequently used in social sciences) in non-experimental research in organisational
behaviour and human resource management, industrial and organisational psychology, and related
fields.102 They estimated the frequency and percentage of statistically non-significant correlations
reported in correlation matrices of primary studies from four different sources: (1) randomly selected issues
of three organisational management journals published between 1985 and 2009 (403 correlation matrices,
including 37,970 correlations); (2) 51 published meta-analyses (6935 correlations); (3) unpublished
manuscripts obtained from randomly selected faculty members of 30 schools of business and 30 industrial
and organisational psychology programmes (167 correlation matrices, including 13,943 correlations); and
(4) 50 randomly selected dissertations identified from the ProQuest Dissertations & Theses A&I Database
(217 correlation matrices, including 20,860 correlations). They found that the percentages of statistically
non-significant correlations were all in the range between 44% and 51%, with overlapping CIs. In addition,
they compared the average magnitude of randomly selected 1002 correlations from published primary
studies [i.e. source (1) above] with that of randomly selected 1224 correlations from unpublished
dissertations [i.e. source (4) above] and found similar average magnitude in both groups (0.227 vs. 0.228,
respectively). They therefore concluded that the file-drawer problem does not severely threaten the
validity of conclusions derived from meta-analyses and does not lead to overestimation of effect sizes in
meta-analyses, as commonly believed. However, they also acknowledged that they did not compare
published and unpublished findings among studies of specific focal areas in the broad field.
Stemig and Sackett103 assessed the file-drawer issue in industrial and organisational psychology.
The authors examined meta-analyses that compared the effect sizes from published with unpublished
studies, for which publication status was examined as a potential moderator variable. The meta-analyses
were selected from two journals that the authors deemed to be journals in which meta-analyses are
most prevalent in industrial and organisation research: Journal of Applied Psychology (JAP) and Personnel
Psychology. Of 181 meta-analyses from JAP, 145 (80.1%) reported inclusion of unpublished studies and
only 16 (8.8%) analysed publication status as a moderator variable. Twenty out of 43 meta-analytic studies
from Personnel Psychology included unpublished studies, but only four (9.3%) examined publication status
as a moderator variable. Thus, 20 studies (16 from JAP and four from Personnel Psychology) presenting
84 comparisons of published and unpublished studies were included. The overall mean observed correlations
in the published and unpublished studies were similar (0.221 vs. 0.224, respectively). Differences between
mean correlations of published and unpublished studies were small in majority of the comparisons
(60% were < 0.1; 24% were between 0.1 and 0.2; 12% were between 0.2 and 0.3; and 4% were > 0.3).
Most of the supposedly large differences were not statistically significant. Significant differences between
published and unpublished studies were observed in seven of the correlations, but only two of the significant
differences exceeded 0.2. Interestingly, both of these showed larger mean effects in unpublished studies,
which is contrary to what is expected for a file-drawer problem. The authors concluded that, although
average effect sizes from published and unpublished studies are similar, there are instances when they
produce different results. However, the authors acknowledge that the study had a relatively small sample
size and that unpublished studies identified in the included meta-analyses may not be representative of
all unpublished studies.
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Paterson et al.104 assessed the file-drawer problem in meta-analyses of organisational behaviour and
human resources studies. The authors searched 30 management journals that were considered to have
the most impact which had published at least one meta-analysis by 1 June 2012. The search identified
350 articles, from 11 journals, that included words relating to meta-analyses in their titles. The 350
articles were examined to identify those that (1) reported a meta-analytic relationship between two
variables; (2) were based on three or more independent samples from at least two sets of authors;
and (3) involved ‘micro’ domains of organisational behaviour or human resources, or industrial and
organisational psychology (i.e. ‘macro’ domains, such as business policy and strategic management,
were excluded). Ultimately, 258 meta-analyses which generated 776 meta-analytic conclusions were
included. The study assessed file-drawer issues in two ways. First, the correlation between the effect
size and proportion of unpublished studies was calculated for the 456 analyses in which the proportion
of unpublished studies was reported. The result showed no significant relationship between effect size
and proportion of unpublished studies (r = –0.065; p > 0.05). Second, the relationship between sample
size and effect size was assessed and the result also showed no statistically significant relationship
(r = −0.026; p > 0.05). Hence, the authors concluded that publication bias does not pose a major threat
in the micro-oriented management literature. This conclusion is similar to the previous studies described
above. However, the study focused on meta-analyses published in top management journals and so the
sample may not be representative of all studies.
Social sciences
Utilising a Time-sharing Experiments for the Social Sciences programme sponsored by the US National
Science Foundation, Franco et al.16 undertook an inception cohort study to investigate publication bias
in social sciences. Researchers submitted research proposals of survey-based experiments to be run
on representative samples of American adults (e.g. to test the effect of questionnaire wording) to the
Time-sharing Experiments for the Social Sciences programme. These were peer reviewed and grants
were allocated on a competitive basis and, therefore, studies in the cohort assembled from the programme
passed a certain quality threshold. The authors followed up 221 of 249 selected studies to verify the
statistical significance of their findings and their publication status. Study findings were classified as
strong (all or most of the hypotheses were supported by the statistical tests), null (all or most hypotheses
were not supported) or mixed (the remainder of studies). They found a strong association (chi-squared
test p < 0.001) between strength of findings and publication status, with > 60% of studies with strong
findings published compared with around 20% of studies with null results. In addition, they found
that the authors did not write up the findings in only 4% of studies with strong results compared
with 65% of studies with null results, indicating that authors’ motivation is a key factor contributing
to publication bias.
Points for consideration by stakeholders in relation to publication and
related bias in HSDR
In this project we collected prima facie evidence of publication and related bias in quantitative HSDR
using a variety of approaches that generated both direct and indirect evidence, as described in the
previous chapters. Overall, our findings suggest that publication and related bias can and does occur
in quantitative HSDR. However, there is substantial uncertainty with regard to the nature and extent
of its occurrence and its impact on decision-making concerning health service delivery.
We presented our findings in a meeting convened at the end of the project, in which we invited a
group of key stakeholders of HSDR (see Acknowledgements) to help us make sense of the evidence
gathered in this project and formulate potential recommendations for future research practice.
The attendees included senior researchers in HSDR and evidence synthesis, journal editors, funders
and a PPI representative. Diverse views and perspectives were presented in the meeting, echoing
the findings from our interviews. Taken in the round, the emerging consensus seemed to be that a
nuanced interpretation, with due attention paid to the epistemological and methodological diversity
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in HSDR and the changing landscape of research publication, is needed rather than rushing to replicate
measures (such as compulsory study registration in an attempt to reduce occurrence of this bias) that
have been adopted in clinical research or dismissing the importance of this issue due to current lack
of concrete evidence. Here, we highlight pertinent issues that different stakeholders might wish to
consider when commissioning, undertaking, reviewing, publishing or using HSDR.
Epistemological and methodological diversity in HSDR
As stated in Chapter 2, we adopted a pragmatic definition of HSDR in line with that used by the NIHR
HSDR programme for this project, and focused our attention on two specific types of quantitative
studies: those evaluating the effectiveness of an intervention and those assessing the association
between various structures, processes, outcomes and contexts along the service delivery causal chain.
These allowed us to draw a boundary and maintain the practicality of our investigation. The findings
of our project are naturally bounded by this chosen scope. They cannot be considered representative
of the full spectrum of HSDR, which is broad and diverse in terms of subject areas, epistemological
stances and methodological approaches. For example, the project did not consider publication bias in
qualitative studies, case studies and simulation studies in operational research, all of which play an
important role in HSDR. The mechanisms, occurrence (or lack of) and magnitude of publication and
related bias may also differ between subspecialties of HSDR. Nevertheless, we contend that the two
types of quantitative studies that we have focused on are important sources of information that can
potentially influence health service delivery and policy and, therefore it is important for us to understand
if and how publication and related bias might affect the dissemination and use of this evidence.
The methodological and epistemological diversity of HSDR has implications for the generation and
interpretation of quantitative evidence, and corresponding bearing on publication and related bias. For
example, mixed-methods studies are widely used in HSDR, in which evidence gathered from quantitative
and qualitative methods is intended to provide a deeper understanding of the phenomenon than either
methodological approach could offer alone. The appropriateness of separating quantitative data from
such studies in order to combine them with data from other quantitative studies in a meta-analysis,
and assessing the evidence for the presence of publication and related bias using the assumptions
underpinning a quantitative research paradigm, may be questionable.
Changing landscape of research publication
A large volume of scientific literature on publication bias was accumulated in the middle to late twentieth
century, when academic journals were the main, and sometimes the only, outlet for disseminating
research findings. Publication bias in the form of selective publication of positive and/or statistically
significant findings by academic journals was a major concern, as it would be very difficult for people
other than the investigators themselves to locate and access ‘unpublished’ research findings. The
situation has dramatically changed since the advent of the internet, through which research findings can
be easily shared with other people all around the world in a variety of forms, such as technical reports,
pre-publication manuscripts, discussion papers and so forth, even if they are not submitted or accepted
for publication by academic journals. This has implications for the study and measurement of publication
bias, which may increasingly focus on the extent and ease of online access to research findings, rather
than availability in traditional peer-reviewed outlets.
Within academic research, mandatory publication of findings in open access platforms, such as the
principle advocated by the Plan S initiative,105 is gaining strong momentum that could potentially
minimise publication bias for funded research. The creation of journals which aim to provide a platform
for publishing research findings according to methodological rigour, irrespective of the perceived
interest of the findings, is a further response to well-documented concerns regarding publication bias
in clinical research. The increasing availability of such journals (e.g. PLOS ONE and BMJ Open) may
reduce potential publication bias across scientific disciplines, including HSDR. However, this creates
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other risks, including bias associated with the availability of funding to pay article processing charges,
and conflicts of interest as, for example, motivation for publishing in such journals may be stronger
when there is a potential for financial or reputational gains associated with the publication.106 This
development also diversifies the roles played by academic journals, which traditionally serve both
as a competitive space for showcasing research excellence and as an archive of tested knowledge.
Measures to reduce publication bias might therefore lead to the unintended introduction or
exacerbation of other forms of bias and so should be adopted with caution.
The changing landscape of research publication and information dissemination also means that the
definitions of terms, such as ‘publication’ and ‘grey literature’ are evolving, with the boundary between
the two becoming increasingly vague. Careful selection, definition and use of appropriate terms will be
required (see Terminology related to bias in reporting research findings).
Terminology related to bias in reporting research findings
Both publication bias that occurs at the study level and selective outcome reporting that occurs at
individual outcome levels result in a distorted picture of the totality of evidence available to decision-
makers. Given the rapid evolution of research publication described above and associated changes to
the nature of biases, there is a move to adopt ‘non-reporting bias’ as the collective term to cover these
biases by the Cochrane Collaboration (Professor James Thomas, University College London, 7 June
2019, personal communication). Consistent use of this term should help facilitate exploration and
debate in future.
Prevention of publication and related bias in HSDR
A clear message from the findings of WP 4 (follow-up of HSDR cohorts) is that research funders can
play a crucial role in minimising publication and related bias and the associated research waste through
a clear policy of mandating the publication of findings of commissioned research, and by providing
suitable platforms for archiving and disseminating funded research, such as those adopted by various
research programmes of the UK NIHR.
However, implementation of such policy and arrangements requires substantial resources which may
not be available to smaller-scale funders. In addition, many HSDR studies are motivated by the desire
to understand service issues or to gauge the impact of efforts to improve services and are carried out
with limited or no funding. Without the supporting infrastructure and incentives or sanctions from
the funders, these studies may be more susceptible to publication and related bias. Although findings
from WP 5 (key informant interviews) suggest that HSDR stakeholders generally support the practice
of registering research protocols (or making them available in openly accessible repositories) when
feasible, there are also concerns that inconsiderate and prescriptive adoption of these practices may
stifle the creativity and diversity that are crucial for resolving challenges in health service delivery.
An area clearly requiring further attention is quality improvement projects and service evaluations.
These activities often occupy a grey area between research and non-research, are often conducted
locally and/or retrospectively, and are not (at least initially) carried out with an intention to produce
generalisable knowledge. An isolated study included in our systematic review (WP 1) and findings from
our interviews with HSDR stakeholders (WP 5) suggested that any such studies that subsequently
appear in the academic literature may be those with the most favourable results. Therefore, caution
may be required when studies of this nature are included in systematic reviews and evidence syntheses:
policy-makers and service-planners should be aware that isolated quality improvement studies reported
in the literature may represent a subset of locally evaluated interventions, rather than proven best
practice that can be easily replicated or scaled up in other settings.
Comprehensive registration of quality improvement projects may reduce potential publication and
reporting bias associated with these studies. It may further enhance the potential utility of evidence
generated from them, providing an audit trail and a denominator for the totality of evidence, as well
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as improving the ease of locating and accessing these studies. However, these benefits need to be balanced
against the resources required for the creation and maintenance of such registries; the opportunity
costs of the efforts required by service planners and practitioners to complete the registration and
the practicality against other service and policy imperatives; the quality and value of evidence that can
be obtained from the registries; and the potential burden of examining this type of evidence in future
systematic reviews of HSDR.
Assessment and mitigation of publication and related bias in systematic reviews of HSDR
Findings from our meta-epidemiological study of published HSDR systematic reviews (WP 2)
showed a low level of documented awareness of the bias. It is difficult to ascertain whether the
lack of documentation was due to reviewers genuinely lacking awareness of the bias or to their
perception of the (lack of) importance and relevance of the bias, either in relation to the suitability of
available methods for detecting and mitigating the bias or in relation to the aims and epistemological
stance (e.g. configurative vs. aggregative) of the review. Our findings from WP 2 pointed to the latter,
but further investigation is required.
In terms of assessment of publication bias and outcome reporting bias, funnel plots and related
techniques remain the dominant methods used in the reviews in the absence of comprehensive study
registries. As our case studies (WP 3) illustrated, application and interpretation of funnel plots and related
techniques are often problematic owing to the inherent heterogeneity of evidence from HSDR and
potentially incompatible assumptions arising from epistemological differences. These techniques are best
used as part of broader efforts to investigate the source of statistical heterogeneity between studies,
with extra caution needed in ascertaining the assumptions and requirements for appropriate application
of these methods. In particular, injudicious interpretation of small-study effects illustrated by funnel plot
asymmetry as direct evidence of publication bias should be avoided.26 Further training of evidence
reviewers on appropriate use of these techniques and development of novel methods may be required.
Limited evidence included in our systematic review (WP 1) suggested that important differences in the
quantity, quality and nature of evidence may exist between published academic literature and other
sources of (grey) literature.51 Further documentation and accumulation of evidence on the extent to
which search for and inclusion of non-academic literature affects the findings and conclusions of HSDR
systematic reviews are needed.
It is also worth highlighting that publication and related bias is just one of many different biases that
could affect the trustworthiness of research evidence. For example, case study 1 described in Chapter 5
(WP 3) illustrated that unaccounted confounding may be a greater concern in meta-analyses of HSDR
studies based on analyses of administrative databases. Guidance on interpretation of overall quality of
evidence, such as GRADE, may support reviewers to make appropriate judgements in interpreting the
importance and relevance of publication and related bias relative to other factors.35
Potential impact of publication and related bias in HSDR
Given the paucity of evidence and the challenges in establishing the occurrence and magnitude of
publication and related bias in HSDR, it is currently not possible to estimate the impact of this bias
on decision-making related to health services, or assess its further effects downstream (e.g. resulting
service organisation and patient outcomes). One pertinent issue is that, although evidence-based
decision-making has become an integrated part of health care for individual patients, the same may not
be true when decisions on the organisation and delivery of health services are made. Indeed, emerging
evidence has shown a very different decision-making process in the planning and organisation of health
services. Qualitative research has shown that health-care commissioners’ decision-making process is
highly pragmatic,107,108 with many sources of information used in a dynamic environment, including best
practice guidance, the opinions of clinicians and service users, local data, conversations and story sharing
within informal networks and innovations from elsewhere. Research evidence may therefore play only a
minor part in informing service planning and policy. As a consequence, publication and related bias in
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research evidence may appear likely to have only a small, indirect, impact on SDO. However, although
explicit use of research evidence may seem rare in decision-making concerning health-care services and
policies, research evidence could also have influenced the decision-making process indirectly through
tacit knowledge, precedent decisions based on research evidence and conceptual use of research.109
Consequently, the importance of the issue of publication and related bias in HSDR should not be
overlooked. In our focus group discussion, patients and members of the public attributed high importance
to decision-making being based on unbiased evidence (WP 5).
Recommendations for future research
To the best of our knowledge, this project is the first to systematically investigate publication and
related bias across different subdisciplines of HSDR. Overall, our findings highlight a paucity of
evidence, with many gaps and weaknesses in the evidence base informing this subject. We present
below our recommendations for future research that may help in bridging these gaps.
Prevention
l To explore the feasibility, acceptability and sustainability of establishing new registries and/or
making the best use of existing registries for various types of HSDR, including quality improvement
projects and service evaluations. As measures related to prevention could reduce the need for
subsequent efforts in the detection and mitigation of publication and related bias, exploration of
these measures may deserve a high priority.
Occurrence, magnitude and relevance
l To accumulate further empirical evidence on publication and related bias in different subject areas
and for studies of different designs within HSDR, in particular through direct methods that allow
verification of the actual occurrence of non-publication and/or selective outcome reporting, as well
as reasons behind these in cohorts of HSDR studies for which a denominator (i.e. the total number
of studies undertaken) is known.
l To explore the existence, nature, relevance and impact of publication bias in qualitative and
mixed-methods studies in HSDR and compare these with quantitative studies.
l To characterise HSDR in relation to other disciplines of research and features of HSDR which might
increase or mitigate the occurrence of publication and related bias.
l To investigate what aspects of multicomponent HSDR studies are subsequently published in
academic journals.
l To explore the influence of the composition of the research team on the occurrence of publication
and related bias.
Methods of detection and mitigation
l To evaluate the utility and most efficient methods of including non-academic literature in systematic
reviews of HSDR, taking into account the burden on reviewers and impact on the findings and
conclusion of the reviews.
l To explore reasons behind the apparent low levels of awareness of publication and related bias in
HSDR systematic reviews.
l To develop new tools for assessing the risk bias associated with potential non-reporting of data
in HSDR.
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Wider methodological development of HSDR
l To explore the value of including findings from quality improvement projects and service evaluation
in systematic reviews of HSDR.
Conclusion
This project collected prima facie evidence on publication and related bias in quantitative HSDR.
Overall, our findings suggested that this bias can and does occur in this field, although literature on
this topic is scant. The epistemological and methodological diversity of HSDR, the changing landscape
of research publication and the boundary delineated by project scope all need to be taken into account
when interpreting our findings.
The occurrence of publication and related bias and its impact are likely to vary between studies
with different methodological designs for different purposes, with evaluations motivated by service
improvement locally most susceptible to such bias. Variation in the practice of research publication
may exist between different subspecialties in HSDR but this requires further exploration. The bias is
likely to be most profound in relation to publication of HSDR findings in academic journals with a
general medical orientation.
The precise magnitude of publication and related bias is difficult to quantify owing to the lack of
comprehensive study registration and the vague boundary between research and activities undertaken
for service improvement. Epistemology and methodological approaches that do not focus solely on
summative assessments of outcomes or associations and that do not heavily rely on inferences based
on statistical significance may to some extent mitigate the occurrence and influence of publication and
related bias in HSDR.
Documentation of awareness of publication and related bias and formal assessment of the bias
were low in HSDR systematic reviews, particularly in reviews of association studies. Methodological
guidelines might have some positive impact on practice. Application of statistical tools, such as funnel
plots, and related tests for detecting publication and related bias in HSDR is often problematic owing
to the heterogeneity of studies and potential confounding in any associations observed between
sample size (or precision of estimate) and effect size. These tools are best used, with great caution,
as part of the broader effort in investigating potential modifiers of intervention effects or associations.
Use of funnel plot asymmetry as a sole indicator of the presence or absence of publication and related
bias should be avoided.
Further research to collect empirical evidence based on methods that allow for direct observation and
inference of the occurrence of publication and related bias in various subdisciplines and study designs
of HSDR is required. The utility and most efficient ways of including quality improvement projects and
other evidence beyond academic literature in systematic reviews of HSDR need to be explored.
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Appendix 1 Search strategies for work
package 1
MEDLINE
Date range searched: 1946 to 30 July 2018.
Date searched: 16 March 2017, updated 31 July 2018.
Search strategy




5. Health Policy.mp. or *Health Policy/
6. ((health care or healthcare or hospital$ or service$) adj1 (administration or organi$ation or
management or structure or govern* or financ* or account* or accredit* or policy or efficiency)).mp.
7. exp Primary Health Care/and (administration or organi$ation or management or structure or
govern* or financ* or account* or accredit* or policy or efficiency).mp.
8. exp Governing Board/
9. Patient Safety.mp. or exp Patient Safety/
10. exp Medical Errors/
11. ((adverse event$ or infection$ or complication$) adj1 prevent*).mp.
12. Quality Improvement.mp. or exp Quality Improvement/
13. exp Total Quality Management/or *Risk Management/or change management.mp.
14. exp Organizational Culture/
15. leadership.mp. or exp Leadership/
16. exp Medical Records Systems, Computerized/
17. exp Operations Research/or operational research.mp.
18. exp “Appointments and Schedules”/or waiting time.mp.
19. exp Triage/or triage.mp.
20. ((integrat* or pathway or continuity or access* or model*or transition) adj2 (care or service$)).mp.
21. (exp Health Personnel/or (staff or professional$ or healthcare worker$ or health care worker$
or health worker$ or workforce$ or nurse$ or doctor$ or physician$ or trainee$ or consultant$ or
general practitioner$ or surgeon$ or dentist$ or therapist$ or pharmacist$ or radiologist$ or
pathologist$ or technician$ or assistant$).mp.) and (skill$ or training or education or competence
or morale or burnout or absenteeism or retention or deploy* or workforce).mp.
22. exp Patient Education as Topic/
23. exp Patient Satisfaction/
24. *Disease Management/
25. (variation$ adj2 (care or service$ or outcome$ or mortality or process*)).mp.
26. ((organization* or organisation*) adj1 performance).mp.
27. implementation science$.mp.
28. *publication$/
29. bias$.mp. or “Bias (Epidemiology)”/
30. 28 and 29
31. publication bias.mp. or exp Publication Bias/
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32. (bias$ adj3 (publication$ or disseminat$ or language$ or reporting or grey or gray or citation$ or
time delay or time lag or national or country or location or conference or abstract or duplicat$ or
multiple publication$)).tw.
33. ((reference$ or database$ or index$) adj2 bias$).tw.
34. (file adj1 drawer$).tw.
35. (time adj2 (completion or publication)).tw.
36. unpublished research.tw.
37. (fail$ adj2 publish$).tw.
38. (p-curve$ or p-hack*).tw.




43. selective non report$.tw.
44. selective non-report$.tw.
45. outcome report$ bias.tw.
46. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or
19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
47. 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45
48. 46 and 47
EMBASE
Date range searched: 1947 to 30 July 2018.
Date searched: 16 March 2017, updated 31 July 2018.
Search strategy
1. health services research/
2. health service$ research.mp.
3. service delivery.mp.
4. health system$.mp.
5. health care system/
6. healthcare system$.mp.
7. health care policy/
8. Health Policy.mp.
9. ((health care or healthcare or hospital$ or service$) adj1 (administration or organi$ation or
management or structure or govern* or financ* or account* or accredit* or policy or efficiency)).mp.
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword, floating subheading word, candidate term word]
10. exp Primary Health Care/and (administration or organi$ation or management or structure or
govern* or financ* or account* or accredit* or policy or efficiency).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]
11. Governing Board.mp. or “board of trustees”/
12. exp patient safety/
13. patient safety.mp.
14. Medical Errors.mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]
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15. ((adverse event$ or infection$ or complication$) adj1 prevent*).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]
16. Quality Improvement.mp. or total quality management/
17. Total Quality Management/or *Risk Management/or change management.mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]
18. Organizational Culture.mp.
19. Leadership.mp. or leadership/
20. electronic medical record/or medical record/or Medical Records Systems.mp.
21. Operations Research/or operational research.mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word]
22. “Appointments and Schedules”/or waiting time.mp. [mp=title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word]
23. Triage.mp.
24. ((integrat* or pathway or continuity or access* or model*or transition) adj2 (care or service$)).mp.
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword, floating subheading word, candidate term word]
25. (exp Health Personnel/or (staff or professional$ or healthcare worker$ or health care worker$
or health worker$ or workforce$ or nurse$ or doctor$ or physician$ or trainee$ or consultant$
or general practitioner$ or surgeon$ or dentist$ or therapist$ or pharmacist$ or radiologist$ or
pathologist$ or technician$ or assistant$).mp.) and (skill$ or training or education or competence
or morale or burnout or absenteeism or retention or deploy* or workforce).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]
26. exp patient education/
27. exp patient satisfaction/
28. disease management/
29. (variation$ adj2 (care or service$ or outcome$ or mortality or process*)).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]
30. ((organization* or organisation*) adj1 performance).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word]
31. implementation science$.mp.
32. publication bias.mp.
33. (bias$ adj3 (publication$ or disseminat$ or language$ or reporting or grey or gray or citation$ or
time delay or time lag or national or country or location or conference or abstract or duplicat$ or
multiple publication$)).tw,ot.
34. ((reference$ or database$ or index$) adj2 bias$).tw.
35. (file adj1 drawer$).tw.
36. (time adj2 (completion or publication)).tw.
37. unpublished research.tw.
38. (fail$ adj2 publish$).tw.
39. (p-curve$ or p-hack*).tw.





45. 43 and 44
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46. selective report$.tw.
47. selective non report$.tw.
48. selective non-report$.tw.
49. outcome report$ bias.tw.
50. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or
19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31
51. 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 45 or 46 or 47 or 48 or 49
52. 50 and 51
Parts of this appendix have been reproduced from Ayorinde et al.54 This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text above
includes minor additions and formatting changes to the original text.
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Appendix 2 Invitation letter for potential
interview participants for work package 5
DOI: 10.3310/hsdr08330 Health Services and Delivery Research 2020 Vol. 8 No. 33
© Queen’s Printer and Controller of HMSO 2020. This work was produced by Ayorinde et al. under the terms of a commissioning contract issued by the Secretary of State
for Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in
professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial
reproduction should be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House,
University of Southampton Science Park, Southampton SO16 7NS, UK.
111

Appendix 3 Participant information leaflet for
interviews in work package 5
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Appendix 4 Consent form for interviewees
for work package 5
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Appendix 6 Methods used to investigate
publication bias and outcome reporting bias
in HSDR systematic reviews identified in
work package 1
This appendix is reproduced from Ayorinde et al.54 This is an Open Access article distributed inaccordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the
original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/. The text below
includes minor additions and formatting changes to the original text.
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Abdalla 2015110 ORB ✓
Akl 2013111 ORB ✓
Algie 2015112 ORB ✓
Al-Muhandis 2011113 PB ✓
Aoyagi 2015114 PB ✓ ✓ ✓
Arditi 2012115 PB and ORB ✓ ✓ ✓
Aubin 2012116 ORB ✓
Badamgarav 2003117 PB ✓ ✓
Baker 2015118 ORB ✓
Ballini 2015119 ORB ✓
Balogh 2016120 ORB ✓
Barnard 2015121 ORB ✓
Baskerville 2012122 PB ✓ ✓ ✓ ✓
Berdot 2013123 PB ✓ ✓
Bos 2017124 ORB ✓
Bosch-Capblanch 2011125 ORB ✓
Bradford 2013126 PB Searched ClinicalTrials.gov
completed unpublished studies
and ongoing studies
Brasil 2008127 PB ✓ ✓ ✓ ✓
Brocklehurst 2013128 ORB ✓
Brown 2015129 PB and ORB ✓ ✓
Butler 2011130 ORB ✓
Campanella 2016131 PB ✓ ✓












































Cappuccio 2004133 PB ✓ ✓ ✓ ✓
Chaillet 2007134 PB ✓ ✓ ✓
Chang 2015135 PB ✓ ✓ ✓
Chen 2016136 PB ✓
Chen 2016137 PB ✓ ✓ ✓ ✓
Chen 2008138 PB ✓ ✓ ✓ ✓ ✓
Chodosh 2005139 PB ✓ ✓ ✓ ✓
Christensen 2016140 PB and ORB ✓ ✓
Connock 2007141 PB ✓ ✓ ✓
Cook 2015142 ORB ✓
Corbett 2015143 ORB ✓
Costa-Font 2011144 PB ✓ ✓ ✓
Cui 2016145 ORB ✓
Cuijpers 2011146 PB ✓ ✓
De Luca 2008147 PB ✓ ✓
de Lusignan 2014148 ORB ✓
de Roten 2013149 PB ✓ ✓ ✓
Demonceau 2013150 PB and ORB ✓ ✓ ✓ ✓
Donald 2014151 ORB ✓
Dorresteijn 2010152 ORB ✓
Dudley 2011153 ORB ✓
Dyer 2014154 ORB ✓
Easthall 2012155 PB ✓




























































Fisher 2015157 ORB ✓
Fletcher 2011158 PB ✓
Flodgren 2010159 ORB ✓
Flodgren 2011160 ORB ✓
Flodgren 2011161 ORB ✓
Flodgren 2013162 ORB ✓
Forsetlund 2009163 PB ✓ ✓
Foy 2010164 PB ✓ ✓ ✓
Free 2013165 PB and ORB ✓ ✓
French 2010166 ORB ✓
Gallagher 2011167 PB and ORB ✓ ✓ ✓ ✓
Gardner 2013168 PB and time
lag bias
✓ ✓ ✓ Time lag bias assessed by
comparing the time lag
between the end of the
intervention period and the
date of publication (classified
into ≤ 4 years and > 4 years)
Gemmill 2007169 PB ✓ ✓
Gensichen 2006170 PB ✓ ✓ ✓
Giguère 2012171 ORB ✓
Gillaizeau 2013172 ORB ✓
Gillies 2015173 ORB ✓
Göhler 2006174 PB ✓ ✓ ✓ ✓ ✓
Goldzweig 2015175 PB ✓ ✓
Gooiker 2010176 PB ✓ ✓












































Green 2010178 ORB ✓
Grobler 2015179 ORB ✓
Grochtdreis 2015180 ORB ✓
Gurusamy 2014181 ORB ✓
Han 2009182 PB ✓ ✓ ✓
Hata 2016183 PB ✓ ✓
Hayhurst 2015184 PB ✓ ✓
Higginson 2003185 PB ✓ ✓
Hodgkinson 2011186 ORB ✓
Horsley 2011187 ORB ✓
Ivers 2012188 ORB ✓
Jacobson 2005189 PB ✓
Jamal 2012190 PB ✓ ✓ ✓
Jia 2014191 ORB ✓
Kahn 2013192 PB and ORB ✓ ✓ ✓
Karmali 2014193 ORB ✓
Keebler 201668 PB ✓ ✓ ✓
Kelley 2014194 PB and ORB ✓ ✓ ✓ ✓ ✓
Kerlin 2017195 PB and ORB ✓ ✓ ✓ Macaskill test
Ketelaar 2011196 ORB ✓
Khangura 2012197 ORB ✓
Khunpradit 2011198 ORB ✓
Kilpatrick 2015199 ORB ✓




























































Kroon 2014201 PB and ORB ✓ ✓
Lambrinou 2012202 PB ✓ ✓ ✓
Lau 2012203 PB ✓ Harbord’s test
Laver 2013204 ORB ✓
Lin 2014205 PB and ORB ✓ ✓ ✓
Lu 201257 PB and ORB ✓ ✓ ✓ Peter’s method to assess the risk
of possible outcome reporting
bias, reviewers included studies
that met the inclusion criteria
but did not provide sufficient
data on relevant outcomes
Luiza 2015206 ORB ✓
Lutge 2015207 ORB ✓
Lv 2012208 ORB ✓
Ma 2017209 PB ✓
Maaskant 2015210 ORB ✓
McBain 2016211 ORB ✓
McGowan 2009212 ORB ✓
Ming 2016213 ORB ✓
Mitchell 2015214 ORB ✓
Moja 2014215 PB and ORB ✓ ✓ ✓ ✓
Murphy 2015216 ORB ✓
Murthy 2012217 ORB ✓
Neumeyer-Gromen
2004218
PB ✓ ✓ ✓
Nglazi 2013219 ORB ✓












































Oliver 2000220 PB ✓
Opiyo 2015221 ORB ✓
Opiyo 2016222 ORB ✓
O’Sullivan 2016223 ORB ✓
Panagioti 2014224 PB ✓ ✓ ✓
Pande 2013225 ORB ✓
Parmelli 2012226 ORB ✓
Peñaloza 2011227 ORB ✓
Perrier 2011228 ORB ✓
Peterson 2003229 PB ✓ ✓
Peytremann-Bridevaux
2015230
PB and ORB ✓ ✓
Rachoin 2012231 PB ✓ ✓
Rashidian 2015232 ORB ✓
Reeves 2013233 ORB ✓
Robotham 2016234 PB ✓ ✓ ✓
Rockers 2013235 ORB ✓
Ross Middleton 2012236 PB ✓ ✓ ✓
Rotter 2010237 PB and ORB ✓ ✓
Rubio-Valera 2011238 PB ✓ ✓




























































Ruppar 2016240 PB ✓ Conducted moderator analyses
to evaluate whether or not
effect estimates were different
based on factors, such as year of
publication, publication method
(e.g. journal article, dissertation)
among other factors
Saffari 2014241 PB and ORB ✓ ✓ ✓ ✓ ✓
Salyers 2017242 PB ✓ ✓
Santo 2016243 PB and ORB ✓ ✓ ✓ ✓ ✓
Scott 2011244 ORB ✓
Shamliyan 2008245 PB ✓ ✓ Peter’s method
Shen 2007246 PB ✓ Assessed publication bias by
examining the relationship
between the square root of
degrees of freedom and the
absolute value of t-statistics.
They also ran a difference-in-
difference regression using
the absolute t-statistics as the
dependent variables and square
root of degrees of freedom,
ownership-focus indicator and
their interaction term as the
independent variables
Shepperd 2016247 PB and ORB ✓ ✓
Shepperd 2016248 ORB ✓
Shojania 2006249 PB ✓ ✓ Univariate analysis of sample












































Singh 2014250 PB ✓ ✓ ✓ ✓
Smith 2016251 ORB ✓
Stacey 2014252 PB and ORB ✓ ✓
Stephens 2015253 ORB ✓
Stroke Unit Triallists’
Collaboration 1997254
PB ✓ Assessed publication bias
by calculating how many
randomised patients (with a
similar baseline event rate as
in the review) would have to
be recruited from neutral trials
(OR 1.0) to render the overall
result non-significant to
estimate the degree to which
conclusions of the review
would be overturned by
missing neutral trials
Suphanchaimat 2016255 PB ✓ ✓ ✓
Teding van Berkhout
2016256
PB ✓ ✓ ✓ ✓
Thakkar 2016257 PB ✓ ✓ ✓ ✓
Thompson Coon 2012258 ORB ✓
Thompson 2003259 PB ✓ ✓
Toma 2014260 PB and ORB ✓ ✓ ✓ ✓
Tongsai 2012261 PB ✓ ✓ ✓ ✓
Tricco 201248 ORB ✓
Tsai 2005262 PB ✓ ✓ ✓
Tura 2013263 PB ✓ ✓ ✓ ✓ ✓
Tyson 2016264 PB ✓ ✓ ✓




























































Urquhart 2009266 ORB ✓
van Driel 2016267 ORB ✓
van Ginneken 2013268 ORB ✓
van Straten 2009269 PB ✓ ✓ ✓
Vasilevska 2014270 PB ✓ ✓ ✓
Vaughan 2013271 ORB ✓
Vernon 2010272 PB ✓ ✓ ✓
Virk 2016273 PB ✓ ✓ ✓ ✓
Von Meyenfeldt 2012274 PB ✓
Walsh 2012275 ORB ✓
Warsi 2004276 PB ✓ ✓
Watson 2016277 ORB ✓
Weeks 2016278 PB and ORB ✓ ✓ ✓
Wei 2011279 ORB ✓
Weller 2016280 ORB ✓
Witter 2012281 ORB ✓
Wootton 2012282 PB ✓ ✓
Zhai 2014283 PB and ORB ✓ ✓ ✓ ✓ ✓
Zhao 2017284 PB and ORB ✓ ✓ ✓ ✓
Zhou 2016285 ORB ✓
































Appendix 7 Key findings for the systematic
review described in Chapter 5, case study 3
Table 15 summarises key findings from the meta-analyses presented in the doctoral dissertation52on which case study 3 was based.
TABLE 15 Meta-analyses presented in Fang52
Association examined n Pooled effect size (95% CI)a p-value I2 (%)
Organisational culture and job satisfaction
Constructive culture 12 0.37 (0.28 to 0.45) < 0.001 78
11b 0.39 (0.31 to 0.46)b < 0.001b 76b
Passive/defensive culture 11 –0.16 (–0.32 to 0.01) 0.06 91
10b –0.23 (–0.36 to –0.09)b 0.001b 87b
Aggressive/defensive culture 9 –0.22 (–0.27 to –0.17) < 0.001 15
Organisational climate and job satisfaction
Global climate 6 0.51 (0.41 to 0.60) < 0.001 88
Goal emphasis climate 2 0.43 (0.09 to 0.67) < 0.05 92
Mean emphasis climate 14 0.39 (0.31 to 0.47) < 0.001 77
Reward orientation climate 5 0.47 (0.38 to 0.55) < 0.001 46
Task support climate 6 0.29 (0.11 to 0.45) 0.002 89
Socioemotional support climate 10 0.40 (0.26 to 0.52) < 0.001 90
Organisational culture and turnover (individual-level measurement)
Constructive culture 2 –0.23 (–0.33 to –0.13) < 0.001 0
Passive/defensive culture 2 0.33 (0.23 to 0.42) < 0.001 0
Aggressive/defensive culture 2 0.27 (0.16 to 0.36) < 0.001 0
Organisational culture and turnover (unit-level measurement)
Constructive culture 2 –0.21 (–0.39 to –0.01) 0.04 0
Passive/defensive culture 2 0.04 (–0.30 to 0.38) 0.81 63
Aggressive/defensive culture 1 0.12 (–0.13 to 0.35) 0.36 NA
Organisational climate and job satisfaction
Global climate 2 –0.05 (–0.46 to 0.37) 0.82 95
Mean emphasis climate 4 –0.19 (–0.41 to 0.06) 0.14 88
3b –0.06 (–0.15 to 0.02)b 0.15b 0b
Reward orientation climate 2 –0.13 (–0.31 to 0.06) 0.17 39
Task support climate 2 –0.08 (–0.16 to 0.01) 0.08 0
Socioemotional support climate 3 –0.07 (–0.16 to 0.01) 0.09 0
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TABLE 15 Meta-analyses presented in Fang52 (continued )
Association examined n Pooled effect size (95% CI)a p-value I2 (%)
Organisational culture and organisational climate (global)
Constructive culture 2 0.32 (–0.12 to 0.65) 0.15 93
Passive/defensive culture 1 –0.24 (–0.40 to –0.06) 0.01 NA
Aggressive/defensive culture 1 0.11 (–0.07 to 0.28) 0.24 NA
n, number of studies included in the meta-analysis for the respective association; NA, not applicable.
a The author presented findings for both fixed and random effects in the original dissertation. Only results from
random-effects model are shown here.
b Alternative analysis excluding the result from one of the studies that was considered too heterogeneous (an outlier)
compared with other studies included in the meta-analysis.
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